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f First to Finish 
‘hal Whether it’s a new product, a contract or R&D, 
' we know you need to get there first...and fast. N/Power 
- gives you X-Windows ease of use and network 


interoperability. N/Power’s plug-compatible objects 
mean productivity and flexibility. 


First in Power 

N!Power means Power Windows that go beyond 
X-Windows and graphics software toolkits to integrate 
your underlying applications. Bring existing 
code up to X-Window, object-oriented 
standards quickly. 


First in Simplicity 

Go from design to prototype in a 
snap with N/Power’s extensive 
built-in analysis functions, 
sophisticated graphics and its user 
extendable components. 


First for OEMs and VARs 

The move from system development 
to delivery is fast with N/Power’s 
runtime modules. N/Power’s open 
architecture is your best bet for a 
miess integration platform. 


let someone else get there before you. 
ogy, the industry leader, for your winning advantage. 


1-800-235-5787 
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SCIENCE.“ SCOPE" 


Pilots flying the U.S. Navy’s F/A-18 Hornet aircraft have a new navigational aid to help them in smoke, 
haze, darkness and adverse weather. Designed and built by Hughes Aircraft Company, the Thermal 


Imaging Navigation Set (TINS) uses a thermal imaging sensor to provide pilots with a television-like 
image of the terrain ahead. The image is projected onto a head-up display for night viewing or in poor 
visibility. TINS consists of four weapon replaceable assemblies including a forward-looking infrared 
sensor unit that detects and converts infrared energy into an electronics signal. 


A rocket engine less than an inch long and weighing only 3.5 grams (about a tenth of an ounce) 
will control a space intercept vehicle. The engine was designed for the Lightweight Exo-Atmospheric 


Projectile (LEAP), a state-of-the-art intercept device under development by Hughes for the U.S. 
Army. The miniature LEAP rocket produces one pound of thrust by expelling hot gas, produced in 
a gas generator, in small pulses less than a millisecond in duration. The projectile also includes a 
long-range imaging infrared seeker and a 4.2 million instructions-per-second computer that weighs 
less than an ounce. The LEAP vehicle, which has no warhead, is the smallest and lightest-weight 
intercept technology being developed for defensive applications. 


Display technology from fighter aircraft may make driving easier for wearers of bifocal eyeglasses. 
The technology, developed by Hughes and known as Virtual Image Display, replaces the speedometer, 


gauges, and warning lights in a typical car instrument panel with a projected image created by a 
sophisticated set of mirrors and lenses. This image appears to be behind the dashboard, approximately 
six feet away from the driver, eliminating the need to shift from distance vision to near vision when 
reading the instrument panel. Drivers with bifocals may be able to drive and read the instruments 
without their glasses. 


An improved sight stabilization system will significantly increase first-round hit probability for 
tank gunners. The two-axis stabilized head mirror for the U.S. Army’s M1A2 Abrams tank is under 


development at Hughes. Current M1 tanks are equipped with a single-axis stabilized head mirror, 
which limits the gunner’s ability to accurately sight and fire on moving targets when the tank is also 
moving. The new system is part of the Army’s planned improvements for the M1A2. Hughes also 
produces the laser rangefinder and thermal imaging system for the current M1 tank. : 


Hughes Network Systems, a subsidiary of Hughes Aircraft Company, needs engineers, testers, 

and other qualified professionals in digital cellular and mobile radio networking. A world leader 

in communications systems, we’re committing our tradition of excellence to this, the next major 
communications frontier. We have many new Systems, Telecommunications, and Software positions, 
with resources and expertise to lead the industry and shape the future—yours, too. Our headquarters 
is in Germantown, MD, with an office in San Diego. If you are an intermediate or senior level 
professional with a PhD/MS/BS and five+ years experience, send your resume and salary requirements 
in complete confidence to: Employment, Hughes Network Systems, 11717 Exploration Lane, 
Germantown, MD 20876. An equal opportunity employer. 





For more information write to; P.O. Box 45068, Los Angeles, CA 90045-0068 USA 





© 1991 Hughes Aircraft Company Subsidiary of GM Hughes Electronics 
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JUNE 12. Researchers at Japan’s 
Nippon Telegraph & Tele- 
phone Corp. and Rutgers 
University, Piscataway, N.J., 
said they had developed optical 
amplifiers that boost the signal 
from a laser more than 1000 
times at 1.3 ym. The amplifiers, 
which use fluoride glass fibers 
treated with the rare earth 
praseodymium, can be fitted to 
existing systems. They promise 
to cut costs since they eliminate 
the need to convert light into 
electricity and back again in the 
course of boosting a signal. 


JUNE 12. Motorola Inc., 
Schaumburg, Ill., said it won a 
key contract to supply Ford 
Motor Co., Dearborn, Mich., 
with microcontrollers for engine 
and transmission control for all 
its vehicles. The companies will 
collaborate in developing the de- 
vice, which will be a modification 
of Motorola’s 88000 reduced- 
instruction-set computing 
(RISC) chip. Ford, the first car 
manufacturer to commit to a 
RISC chip, expects to place the 
devices in 6 million vehicles an- 
nually, beginning in the 
mid-1990s. 


JUNE 14. IBM Corp. said it 
would be the first to produce the 
next generation of computer 
memory chips; full-scale 
production of its 16-Mbit chips 
will begin by year-end. 


JUNE 18. Eureka, Europe’s 
largest technological research 
program, celebrated its fifth 
birthday at The Hague in the 
Netherlands. Over 3000 organi- 
zations from 19 European coun- 
tries are currently participating 
in 500 Eureka projects worth 
over 8 billion ecus (US $9 
billion). 


JUNE 18. Wang Laboratories, 
Lowell, Mass., said it joined 
with IBM Corp. ina marketing 
alliance that calls for IBM to in- 
vest US $100 million in Wang and 
for Wang to convert its computer 
image-processing software to 
run on IBM PCs, workstations, 








Newslog 


and minicomputers. Wang will 
also market the IBM desktop 
computers under its own label 
and resell IBM minicomputers 
under the IBM name. 


JUNE 21. AT&T Co. and Hong 
Kong-based Hutchison Tele- 
communications Ltd. an- 
nounced a joint venture that will 
expand AT&T’s services by 
bringing Hong Kong, China, and 
Macao under its existing Easy- 
Link Services International net- 
work. To be called Hutchison- 
AT&T Network Services, the 
venture involves a variety of 
electronic mail and facsimile ser- 
vices. AT&T’s move into Hong 
Kong comes just six months 
after it acquired Western Union 
Corp.’s electronic mail and 
Telex services. 


JUNE 25. IBM Corp. said it had 
formed an alliance with Lotus 
Development Corp., Cam- 
bridge, Mass., that calls for IBM 
to market Lotus programs for 
electronic mail and local-area 
network applications. IBM also 
said it would license the Objec- 
tivision program of software 
publisher Borland Interna- 
tional Inc., Scotts Valley, Calif. 
IBM will use the program, 
which makes designing PC pro- 
grams easier, with its new OS/2 
2.0 operating system. 


JUNE 25. Nissan Motor Co., 
Tokyo, said it will introduce by 
1993 electric cars using batter- 
ies that fully recharge in 15 
minutes. That compares with 2 
hours for the Impact electric car 
that General Motors Corp., 
Detroit, Mich., plans to bring 
out in the mid-1990s, and about 
8 hours for a minivan Detroit’s 
Chrysler Corp. also expects to 
sell by the mid-’90s. The range 
of all three electric cars on one 
charge will be the same: about 
200 km. 


JUNE 25. AT&T Co. said it had 
applied to the Federal Com- 
munications Commission 
for permission to test a new net- 
work for pocket-sized radio- 





phones. By using radio channels 
for which AT&T already holds 
licenses and now uses for main- 
tenance tests, the system could 
relieve crowding on the cellular 
and regular mobile radio fre- 
quencies. If the FCC approves 
the tests, AT&T could start com- 
peting directly for local phone 
services, something it has not 
done since its breakup in 1984. 


JUNE 25. Brazilian President 
Fernando Collor won a polit- 
ical victory over the opposition 
party with the passage of a law 
by the House of Representatives 
ending controversial protection 
for Brazil’s information technol- 
ogy industry, beginning in Oc- 
tober 1992. The law will permit 
Brazilians to import microcom- 
puters and fax machines and 
allow foreign companies to pro- 
duce any information technolo- 
gy they wish in Brazil. 


JUNE 28. Intel Corp., Santa 
Clara, Calif., said the Federal 
Trade Commission (FTC) 
had begun an antitrust investiga- 
tion into its business practices. 
The company said the FTC had 
requested documents from a 
case under arbitration between 
Intel and Advanced Micro 
Devices Inc., Sunnyvale, 
Calif., a former partner, but Intel 
denied any anticompetitive prac- 
tices to achieve or protect its po- 
sition as the leading manufac- 
turer of microprocessors used in 
IBM-compatible PCs. 


JULY 2. NASA said it will spend 
US $20 million in three years for 
a mission sending astronauts to 
install corrective lenses on the 
Hubble Space Telescope. 
The $1.5 billion instrument, sent 
into space last year, was discov- 
ered to have spherical aberration 
in its main mirror. 


JULY 3. IBM Corp. and Apple 
Computer Inc., Cupertino, 
Calif., said they will jointly cre- 
ate advanced software and com- 
puters. The rivals plan to de- 
velop: an advanced operating 
system for use by both compa- 





nies and for sale to others; 
products that will help Apple 
Macintoshes share information 
with IBM machines; and a vari- 
ant of IBM’s version of Unix that 
will run programs written for the 
Macintosh. 


JULY 9. Groupe Bull SA, Paris, 
said NEC Corp. of Japan would 
acquire 4.7 percent of the state- 
owned computer maker in ex- 
change for a 15 percent stake in 
Bull’s international affiliate, Bull 
HN. Although French Prime 
Minister Edith Cresson had 
earlier expressed concern that 
NEC would gradually gain con- 
trol of Bull, the Government al- 
lowed the company to make the 
swap. NEC currently supplies 
the largest computers sold under 
the Bull name. 


JULY 9. DSC Communica- 
tions Corp., Plano, Texas, a 
manufacturer of telephone and 
call-routing computers, said a 
defect in 3-4 lines of computer 
code had apparently disrupted 
local phone service for 10 million 
customers around the country 
since June 26. Recent flawed 
software upgrades sent a flood 
of erroneous messages when a 
telephone company computer 
encountered routine main- 
tenance problems. The Feder- 
al Communications Com- 
mission said a special team 
would investigate. 


Preview 

AUG 11. By this date, the U.S. 
National Institute of Stan- 
dards and Technology 
(NIST), Gaithersburg, Md., 
plans to apply to the U.S. Pat- 
ent Office for a new Federal 
standard that would permit elec- 
tronic authentication of docu- 
ments and access systems. The 
planned digital signature stan- 
dard would also help to protect 
against computer viruses and 
other forms of electronic tam- 
pering. After the filing, NIST 
will publish the standard so its 
design can be examined. 


COORDINATOR: Sally Cahur 
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Management 


under stress 
By DONALD CHRISTIANSEN 


Management's rules and strategies 
change in tough economic times. What's 
acceptable when times are good may no 
longer be applicable during a downturn 
or when the competition is more intense. 
Sensitivity to the forces at work may be 
helpful both to employees and to 

their managers. 


SPECIAL REPORT 








By TRUDY E. BELL, KARL ESCH 


Many space agencies 
The US. National Space Council, chaired 
by Vice President Dan Quayle (leaning 


The White House 





forward at left, above), is responsible for 
coordinating the space policies and 
strategies of the United States and for 
monitoring their implementation. Led by 
the National Aeronautics and Space 
Administration, the U.S. space program 
is a multiagency effort including, most 
notably, the Departments of Defense and 
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The anatomy of NASA 


The blue and white earth forms 
a backdrop for this scene of 
the Spacelab Life Sciences 
module in the cargo bay of the 
space shuttle Columbia during 
the STS-40 mission in June. 
Studies of how the human 
physiology changes during 
extended stays in space are 
crucial to President Bush's 
Space Exploration Initiative: the 
space station, a base on the 
moon, and an eventual manned 
voyage to Mars. But debates 
over national priorities, as well 
as difficulties within NASA, 
have raised a number of 
questions about the initiative 
and its objectives. 








The international context 


In this artist’s conception of two spacecraft proposed by the European Space Agency, the 
manned shuttle Hermes is the snub-winged vehicle in the right foreground, docked end-on 
with the manned free-flyer Columbus, the cylinder with solar panels at the left. Columbus will 
house experiments and accompany the US. Space Station Freedom the end of the decade, 
providing another laboratory for the users of the space station. The European Space Agency, 
the National Space Development Agency of Japan, and others supplying laboratories and 
equipment for the U.S. space station wonder whether threats to Freedom's funding will harm 
international cooperation in space. 


European Space Agency 
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21 A special guide to 
data communications 


| Linking computers is no longer the main 
point of data communications. Finally, 
people are at the fore—wanting access 
in real time to their co-workers’ data, 
images, and audio-video presentations. 
Worldwide demand for these multimedia 
transmissions will open up dramatically 
in the next few years. New standards 
specify 50-150-Mbis local-area networks 
(LANs), well above the 10 Mb/s of most 
LANs today. Public networks are poised 
to tie it all together with packet switching 
that conforms to broadband 
integrated-services digital network—an 
emerging set of recommendations 

from the International Telegraph and 
Telephone Consultative Committee. 








































AWARDS 


52 IEEE Field Awards 


Among the 20 recipients this year of the 
IEEE’s annual awards for technical 
achievements in their fields are experts in 
performance modeling, optoelectronic 
devices, CMOS, and image sensors. 
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Rabbit Software Corp. 


COVE: Astronaut Jerome (Jay) Apt, 
mission specialist on the STS-37 space 
shuttle mission last April, moves along a 
yellow beam on a tether shuttle—one of the 
position-translation devices that could be the 
harbingers of hardware to be used during 
activity outside the U.S. Space Station 
Freedom. See p. 18. 

Photo: NASA 
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HDTV on the fly 

James E. Carnes 

At a time when most high-definition televi- 
sion (HDTV) professionals are reluctant to 
use anything but pencil to make notes on de- 
velopments in their constantly changing 
field, I was startled to see a hardcover book 
on the subject. Could it be that someone was 
poking fun at this very fluid situation? 


HDTV: Advanced 
Television for the 
1990s. Benson, K. 
Blair, and Fink, Donald 
G. McGraw-Hill, New 


York, 1991, 350 pp., 
$39.95, 





A look at the authors’ names changed my 
mind. How appropriate that two of the most 
distinguished experts in this field—Don Fink 
and the late Blair Benson—have written the 
first in what I’m sure will be a long line of 
books on HDTV. 

Writing a book on HDTV in 1990 must 
have been daunting. To be sure, certain sec- 
tions were outdated, probably before the ink 
was dry (even Chapter 14, which purports 
to be the ‘‘late news,”’ is mostly out of date). 
But that does not nullify the value of this 
book for both veterans and newcomers. 

The newcomer will find the book an ex- 
cellent tutorial, especially if he or she bears 
in mind that most of the systems described 
have been dropped or substantially changed. 
NHK’s (Japan Broadcasting Corp.’s) Narrow 
multiple sub-Nyquist encoding (MUSE) and 
the David Sarnoff Research Center’s ad- 
vanced compatible television system 
(ACTV-D are two exceptions. 

The book opens with a good review of the 
promises and problems of HDTV, giving use- 
ful statistics on the global penetration of tele- 
vision. The authors address the important 
issue of compatibility and describe the out- 
look for all delivery modes: terrestrial broad- 
casting, cable, satellite, and prerecorded 
media (videotapes and disks). 

Chapter 2 discusses techniques used in 
advanced TV systems, such as resolution 
improvement, time- and frequency-division 
multiplexing, bandwidth requirements, and 
channel augmentation. CCIR (Internation- 
al Radio Consultative Committee) sampling 
rates are discussed, but no mention is made 
of other common sampling formats. 

The third chapter reviews the psy- 
chovisual aspects of HDTV, covering such 
topics as luminance and chrominance, spa- 
tial acuity, flicker perception, continuity of 





motion, and defects of interlaced scanning. 
The chapter is followed by an undergradu- 
ate-level review of digital operations in video 
systems, and can be skipped without loss of 
continuity for most readers. Omitted is any 
mention of common digital recording for- 
mats, such as D-1 and D-2. 

Chapter 5 is a brief introduction to three- 
dimensional sampling and the 3-D spectra 
of video signals. Unfortunately, the cover- 
age is cursory at best; much better expla- 
nations are found in the references. 

Chapter 6, on compatibility in HDTV sys- 
tems, focuses on channel-compatible sys- 
tems, simulcast systems, and transcoding 
devices. It is followed by a good review of 
the development and parameters of the 
1125-line HDTV system, which was original- 
ly developed by NHK and later modified by 
the Society of Motion Picture and Television 
Engineers Inc. as the 240M standard. All 
serious HDTV professionals should be famil- 
iar with the material in this chapter. 

Chapter 8 reviews eight single-channel 
receiver-compatible systems; of these, only 
one—ACTV—has survived and is to be test- 
ed by the Federal Communications Commis- 
sion (FCC). Three simulcast systems are 
also reviewed, as well as six augmentation 
systems in the next chapter (all of these six 
have been abandoned, however). Obvious- 
ly most of the information in these two chap- 
ters is of historical interest only. 

Chapters 10-13 are good reviews of HDTV 
equipment, including cameras, displays, tape 
recorders, switchers, and telecines. As men- 
tioned before, Chapter 14 contains what was 
late-breaking news on advanced television 
systems, FCC rulings, and schedules. 

This book is a good overview of the HDTV 
industry. Though much of it is outdated to 
some degree, it is surely in the vanguard of 
many more books on the subject. It is a 
“‘must’’ for anyone seriously or profession- 
ally interested in HDTV. 





James E. Carnes (F) is president and chief operat: 
ing officer of the David Sarnoff Research Center in 
Princeton, N.J, a contract research and development 
subsidiary of SRI International. 


COORDINATOR: Glenn Zorpette 











Vector Control of AC Machines. Vas, Peter, Ox- 
ford University Press, New York, 1990, 332 
pp., $98. 


The Transputer Handbook. Graham, Ian, and 
King, Tim, Prentice-Hall, Englewood Cliffs, 
N.J., 1990, 200 pp., $33.95. 
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ave hours over your current curve fitting 

methods with the new TableCurve v3.0! 

TableCurve will fit and rank 3320 linear 

and non-linear equations to your dataset 
in one highly automated processing step! Step 
through ranked equations, view residuals, statis- 
tics and graphs — and output data and graphs eas- 
ily in a variety of formats! Features include: 


a 3,320 Linear and Non-linear equations 
Includes polynomial, 
rational, peak (Gaus- 
sian, Lorentzian, etc), 
transition, waveform 
and many others. 
Select only the equa- 
tion groupings of 
interest or let Table 
Curve fit all equations 
to your data! 

a User defined 
equations Define your 
own equations — 
TableCurve fits and ranks them along with the 
extensive list of built-in equations. 

a Extensive fitting and ranking choices Choose 
curve fitting algorithm (Singular Value Decomp., 
Gauss-Jordan, LU Decomposition), best fit rank- 
ing criteria (DOF adj. r°, Fit Std Error, F-statistic 
and Std ), smoothing functions (polynomial 
interpolation, FFT and Lowess) and more! 

a High speed processing Automatically fit and 
rank all 3,304 linear equations to a 50 point 
dataset in 46 seconds (using 80386SX, 16MHz 
with math coprocessor). Iteratively fit non-linear 
equations are also processed in amazing speed! 

a Unique graphical review process Graphically 


Total Equations=2784 Last Reviewed: Rank=1 Equationti=1344 














One Step Fits 3,320 Linear and 


12:57 PN 


CIE Relative Luminosity Function 
12-0, 989729974 FitStdfirr=0, 00601106748 Fstat=55412. 1962 
Eqn 1344 Ingpatbldrectoclre. 
2=226.11808 b=6, 933512 


Relative Luminosity 


0.001 
400 500 600 700 
Wavelength — nm. 
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view the fit of each equation to your data by 
pressing a key. Also obtain a full numerical 
review of confidence/ prediction limits, residuals 
and other statistics. 

a Flexible data input/output Import a huge 
dataset from ASCII, Quattro Pro® Lotus® dBase," 
and other formats. Customize selected graphs 
and output to a variety of devices including 
LaserJet® Postscript™ printers, or export directly 


Non-linear Equations to 
Your Data—Automatically! 


to SigmaPlot? Lotus and more! 

a Export programming code for any selected 
equation Automatic code generation for pro- 
gramming in C, Pascal, FORTRAN, and several 
BASIC languages. 

a Outstanding ease of use With a superb user 
interface, full mouse support and extensive on- 
line help, TableCurve brings powerful linear and 
non-linear curve fitting to your PC in an easy-to- 
use, intuitive format. 

TableCurve is reasonably priced, backed by a full 
money-back guarantee and one of the strongest 
technical support staffs in the industry. Call 
Jandel today for more information on TableCurve 
and other scientific software: 1-800-874-1888 
(inside U.S.) or 1-415-924-8640. 


Our European office is: 


Schimmelbuschstra8e 25 

D-4006 Erkrath 2 © FRG 
[SCIENTIFIC] mins 
“Microcomputer Tools for the Scientist”  02104/36099 


65 KOCH ROAD, CORTE MADERA, CA 94925 ¢ PH 415-924-8640 © FAX 415-924-2850 ¢ CALL FOR FREE BROCHURE: 800-874-1888 
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“THIS STUNNING PACKAGE EXCELS AT 
SCIENTIFIC AND TECHNICAL GRAPHICS.” 


mening | 


SigmaPlot® 
The world's finest PC software for fie poton 
of publication-quality scientific charts and 
graphs...on your own IBM® or bonpatible 
personal computer. / 


Used by over 25,000 scientists 
SigmaPlot is the software of choice worldwide for 
creating graphics for scientific papers and poster 
sessions. PC Magazine says, “Jandel Scientific has 
hit the bullseye with SigmaPlot.” And JNFO- 
WORLD recently called SigmaPlot “the best 
graphics package for tHe complex technical 
graphs wanted by most scientists and engineers.” 


-INFOWORLD 
January 8, 1990 


Designed by scientists for scientists 

¢ Easy-to-use pull-down menu interface 

¢ Direct data input from Lotus 123° and ASCII files 

¢ Automatic error-bars, confidence intervals and 
quality-control lines 

¢ Wide range of specialized scales and graphs 

¢ Outstanding page layout control 

¢ Sophisticated non-linear curve fitting 

¢ Full mathematical transform language 

Huge data worksheet 

¢ Export graphs into WordPerfect® 5.0, 
Microsoft Word®, Pagemaker®, Ventura 
Publisher® and others 

¢ Extremely high-quality output 
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Affordable and fully supported 
SigmaPlot 4.1 is well within reach of any research 
facility. And, like all Jandel products, SigmaPlot 
comes with a money-back guarantee and the full 
technical support of Jandel’s experts. 

Call today for a FREE brochure: 1-800-874-1888 
(toll-free within the U.S.) or 415-924-8640. 


65 Koch Road P.O. Box 996 
[fSCTEN TIF 1G] Corte Madera, CA 94925 
“Microcomputer Tools for the Scientist” FAX: 415-924-2850 * TELEX: 4931977 


In Europe: Schimmelbuschstrafe 25 ¢ 4006 Erkrath ¢ Germany 
Phone: 0 2104/3 60 98 ¢ FAX: 0 2104/ 33110 











WHAT 
DATA ACQUISITION 
SOFTWARE 
SUPPORTS THE 
INDUSTRY'S 
FASTEST 
SAMPLING RATES? 


iG a felts | Bona) 
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oa 


Cane 


GLOBAL LAB® Data Acquisition software 
for the PC AT and PS/2 supports 
the industry's fastest throughput rates 

with errorless data transfers up to 250kHz 

to disk, while providing mouse and menu 
control for ease of use. For further support, 
contact Data Translation, 100 Locke Drive, 

Marlboro, MA 01752-1192. 


FREE Handbook and Demo 
(508) 481-3700 





DATA TRANSLATION® 








THE LEADER IN DATA ACQUISITION 
AND IMAGE PROCESSING 
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Calendar 





Meetings, Conferences 
and Conventions 


Sixth International Symposium on In- 
telligent Control (CS); Aug. 12-16; Key 
Bridge Marriott, Arlington, Va.; Alexander 
H. Levis, Department of Electrical and 
Computer Engineering, G. Mason Univer- 
sity, Fairfax, Va. 22030; 703-764-6282. 


International Symposium on Elec- 
tromagnetic Compatibility-EMC ’91 
(EMC et al.); Aug. 13-15; Hyatt Cherry Hill, 
Cherry Hill, N.J.; Henry W. Ott, 45 Baker 
Rd., Livingston, N.J. 07039; 201-386-6660. 


Neural Networks for Ocean Engineer- 
ing Workshop (NN/OE); Aug. 15-17; 
Loews L’Enfant Plaza Hotel, Washington, 
D.C.; Patrick K. Simpson, General 
Dynamics-Electronics, 5011 Kearny Villa 
Rd., Building 70, Mail Zone 7202-K, San 
Diego, Calif. 92186-5310; 619-573-2417. 


First International Conference on the 
Applications of Diamond Films and 
Related Materials (ED); Aug. 20-22; Au- 
burn University Hotel and Conference Cen- 
ter, Alabama; Y. Tzeng, Department of Elec- 
trical Engineering, Auburn University, 
Auburn, Ala. 36849; 205-844-1869 or -2427; 
fax, 205-844-2433 or -1809. 


Fourth International Vacuum Micro- 
electronics Conference (ED); Aug. 22- 
24; Nagahama Royal Hotel, Shiga, Japan; 
Junzo Ishikawa, Department of Electronics, 
Kyoto University, Sakyo-ku, Kyoto 606, 
Japan; (81+75) 753 5325 or 5021. 


Hot Chips Symposium (C); Aug. 26-27; 
Stanford University, Stanford, Calif.; Robert 
Stewart, Stewart Research Enterprises, 
1658 Belvoir Dr., Los Altos, Calif. 94024; 
415-941-6699; fax, 415-941-6699. 


Workshop on the Future of Electronic 
Power Processing and Conversion (IA); 
Aug. 28-29; Kruger National Park, South 
Africa; W. Portnoy, Texas Tech University, 
Dept. of Electrical Engineering, Box 4439, 
Lubbock, Texas 79409-3102; 806-742-3533. 


Region 10 Conference on Energy, 
Computer, Communication and Con- 
trol Systems—Tencon ’91 (C, COM, et 
al.); Aug. 28-30; Taj Palace Inter- 
Continental, New Delhi, India; K.R.S. Mur- 
thy, AT&T Bell Laboratories, Crawfords Cor- 


| ton, D.C. 20375-5000; 202-767-3150. 





ner Road, Room 2N-437, Holmdel, N.J. 
07733; 908-949-4850; or H.L. Bajaj, B-101, 
Hillview Apartments, Vasant Vihar, New 
Delhi 110 057, India; (91+11) 360 412. 


SY 4g PT 


Bipolar Circuits and Technology Meet- 
ing (ED); Sept. 9-10; Minneapolis Marri- 
ott Hotel, Minnesota; John Shier, 2800 E. 
Old Shakopee Rd., Bloomington, Minn. 
55425; 612-853-3292. 


Petroleum and Chemical Industry 
Technical Conference (IA); Sept. 9-11; 
Royal York, Toronto; Barry Wiseman, Reli- 
ance Electric Co., 5220 Creekbank Rd., 
Mississauga, Ont. L3W 1X1, Canada; 416- 
625-8112. 


Third International Conference on 
Microstructures in Biological Re- 
search (ED); Sept. 9-12; Fort McGruder 
Inn and Conference Center, Williamsburg, 
Va.; Martin Peckerar, Naval Research 
Laboratory, 4555 Overlook Ave., Washing- 


11th International Electronic Manu- 
facturing Technology Symposium 
(CHMT); Sept. 16-18; Le Meridien Hotel, 
San Francisco; Bill Moody, 2529 Eaton Rd., 
Wilmington, Del. 19810; 302-478-4143; fax, 
302-478-7057. 


Philadelphia Permanent Magnet 
Meeting (MAG); Sept. 19; SPS Technolo- 
gies, Jenkintown, Pa.; Y. Bogatin, 215-572- 
3579/3000, and B. Lorenz, 215-499-4050. 


Seventh Multidimensional Signal 
Processing Workshop (SP); Sept. 23-25; 
Whiteface Inn, Lake Placid, N.Y.; John 
Woods, Computer and Systems Engineer- 
ing, Rensselaer Polytechnic Institute, Troy, 
N.Y. 12181; 518-276-6079. 


18th International Conference on 
Computers in Cardiology (COMP et al.); 
Sept. 23-26; Venice, Italy; Corso Stati Uniti 
4, 35020 Padova, Italy; (39+49) 829 5702. 


International Symposium on Gallium 
Arsenide and Related Compounds 
(ED); Sept. 23-26; Seattle, Wash.; L. Ralph 
Dawson, Sandia National Laboratories, Di- 
vision 1144, Albuquerque, N.M. 87185; 
505-844-5678. 
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Axum makes it easier 






to let 2 work stand out. 


Axum gives you everything you need to create 
publication-quality graphs that make people sit 
up and take notice. Designed specifically for 
use by scientists and engineers, Axum is a com- 
bination of powerful, sophisticated features 
and simple elegant design. This award-winning 
program is changing the way that scientists and 
engenes sah their work done. 


SAREE 


pare 's “context-sensitive help aes ‘well 
designed menus demonstrate that a 
technical graphics package need not be 
hard to manage to be good.” 

PC Magazine review, March 26, 1991, p. 152. 
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Axum ee you eid your time on 
your research instead of wrestling 
with your graphics package. 
With Axum’s intuitive design 


: March 
and on-line help you won't have — Axum vero, 1997 


to re-learn the package every time aa 


need a graph. And Axum’s state-of-the-art data 
and graphics editors give you complete control 
over every detail of your graphs, so you can 
quickly and easily create eye-catching and 
informative displays of your work. 







. this Giake package ee a s full fous for 
the technical user.’ 
PC eee March 26, es p. pe 





Axum lets you do it ali on your own PC. lpert 
edit, analyze, explore, and graph your data in 
Axum. Then export your graph to your favorite 
word processor, desktop publisher, or hard- 
copy device. No more mainframe expenses and 
hassles, no more using multiple systems and 
packages to get your job done, and no more 
paying ne artists to give you publication- 
a ae results. 





“Axum é is to compa debbie ‘iat 
one of the major word processors is 
to text handling.” Materials Research 
Bulletin review, Vol. 25, No. a4 es 406. 


anurans coeneunioneaDlAn 


daittere 


TriMetrix, Inc. ¢ 444 NE Ravenna Blvd. 
Suite 210 © Seattle, WA 98115 
1-800-548-5653 (WA) 206-527-1801 





Axum features ultra-high resolution output by GraphiC™ from Scientific Endeavors Corporation. 
Reprinted from PC Magazine, March 13, 1990, March 26, 1991. Copyright © 1991, Ziff Communications Company. Copyright ©1991, TriMetrix, Inc. 
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Axum is backed by one of the best customer 
support teams in the industry, and comes with 
an unconditional 60- nor money-back ae. 


Be nies the ease of use of business 
graphics software to the more technical 
world of the engineer and scientist.” 
PC Magazine, March 13, 1990, p. 54. 


Axum is one of the fastest-selling programs ever 
for scientists and engineers. Find out why Axum 
is the #1 choice of critics and of thousands of 
users around the world. Clip out our coupon or 
give us a call today at 1-800-548-5653. We'll 
rush you a FREE demo kit. 


Yes, Sia me a FREE Axum demo kit. 
| 1154" Disk © 3%" Disk 


Name. 


| 
i 


Company. 
Department 


Address. 


Fin cen —S eee County, 


MT CL 11 eee eae eee 

or call 1-800-548-5653 ext. 425 (in WA) 206-527-1801 

TriMetrix, Inc. © 444 NE Ravenna Blvd. © Suite 210 
Lee © Fax: 206-522-9159 


| City. State. 


Be  cnailancbiale 





Calendar 


(Continued from p. 8) 

Autotestcon ’91 (AES et al.); Sept. 23-26; 
Disneyland Hotel, Anaheim, Calif.; Robert C. 
Rassa, Mantech Advertising Systems Interna- 
tional, 150 South Los Robles Avenue, Suite 
350, Pasadena, Calif. 91101; 818-577-7100; fax, 
908-222-5816. 





Fourth Annual International Applica- 
tion Specific Integrated Circuits Con- 
ference and Exhibit (IEEE Rochester et 
al.); Sept. 23-27; Rochester Riverside Con- 
vention Center, Rochester, N-Y.; Kenneth W. 
Hsu, Department of Computer Engineering, 








Rochester Institute of Technology, Roches- 
ter, N.Y. 14623; 716-475-2655; fax, 716- 
475-6879. 


Industry Applications Society Confer- 
ence (IA); Sept. 28-Oct. 4; Hyatt Regen- 
cy, Dearborn, Mich.; William Moylan, Moy- 
lan Engineering Associates, 13530 Michigan 
Ave., Dearborn, Mich. 48126; 313-582- 
9880. 


Ata 


International SOI Conference (ED); 
Oct. 1-3, Hyatt Regency, Beaver Creek Re- 
sort, Vail Valley, Colo.; Michael T. Duffy, 





Your Single Source for 
The W-I-D-E-S-T Range 
of Electronic and Power 


ROTARY 
SWITCHES 


We can match your needs: 








APPLICATIONS 
RATINGS 
OPTIONS 
SIZES 


Complete lines include 


e Electronic 

e Minature 

e Heavy-Duty 

¢ Custom Designs 

e Snap, Detent and 
Cam Actions 

e Military & 
Enhanced Commercial 


Our switch ratings range from under 1 amp to 200 amps 


ELECTROSWI/TCH 


UNIT OF ELECTRO SWITCH CORP. 
Weymouth, Massachusetts 02188 


Telephone: 617/335/5200 © FAX: 617/335/4253 
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David Sarnoff Research Center, CN 5300, 
Princeton, New Jersey 08543-5300; 
609-734-2734. 


International Joint Power Generation 
Conference-IJPGC ’91 (PE); Oct. 6-9; 
Town and Country Hotel, San Diego, Calif.; 
M. Scalice, American Society of Mechani- 
cal Engineers, 345 E. 47th St., New York, 
N.Y. 10017; 212-705-7053. 


37th Holm Conference on Electrical 
Contacts (CHMT); Oct. 6-9; Marriott 
Downtown Hotel, Chicago; Conference 
Registrar, IEEE Inc., 445 Hoes Lane, Box 
1331, Piscataway, N.J. 08855-1331; 
908-562-3863. 


20th Electrical/Electronics Insulation 
Conference-International Coil 
Winding Association Exposition (DED; 
Oct 7-10; Sheraton Boston Hotel, Boston; 
Ron Sampson, 4250 Bulltown Rd., Murrys- 
ville, Pa., 15688; 412-733-8049 (O); 412-327- 
1796 (H). 


22nd Photovoltaic Specialists Confer- 
ence (ED); Oct. 7-11; Riviera Hotel, Las 
Vegas, Nev.; Howard E. Pollard, Ford Aero- 
space Corp., 3939 Fabian Way, M.S. G45, 
Palo Alto, California 94303-4695; 
415-852-5131. 


Fourth International Conference on 
Amorphous and Crystalline Silicon 
Carbide and Other III-IV Materials 
(ED); Oct. 10-11; Santa Clara University, 
California; Cary Yang, EECS, Santa Clara 
University, Santa Clara, Calif. 95053; 408- 
554-6814. 


Seventh Biennial IEEE U.S. Activities 
Careers Conference: Change and 
Competitiveness and Careers (USAB); 
Oct. 10-11; Denver Radisson Hotel; William 
Anderson, IEEE-USA, Suite 1202, 1828 L 
St., N.W., Washington, D.C. 20036; 202-785- 
0017; fax, 202-785-0835. 


International Conference on Com- 
puter Design—ICCD ’91: VLSI in Com- 
puters and Processors (ED); Oct. 14- 
16; Massachusetts Institute of Tech- 
nology CAD Open House; Oct 17; Royal 
Sonesta Hotel, Cambridge, Mass.; Dwight 
Hill, AT&T Bell Laboratory, 3D-446, 600 
Mountain Ave., Murray Hill, N.J. 07974; 
908-582-7766. 


International Display Research Con- 
ference (ED); Oct. 15-17; Hyatt Islandia 
Hotel, San Diego, Calif.; Andras Lakatos, 
Xerox Corp., 800 Phillips Rd., Webster, N.Y. 
14580; 716-422-9700. 


GaAs Reliability Workshop (ED); Oct. 
20; Doubletree Hotel, Monterey, Calif.; An- 
thony Immorlica, General Electric Co., 
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all 


Generate contours, surfaces, and cross- 
sections from random X, Y, Z points. 


NEW push-button “mouse-menus” 
allow easy access to frequently used 
features. 


Presentation graphics and analysis for scientific users. | 


Your technical data requires more muscle 
and sophistication than basic business 
graphics and plotting packages can 
provide. It’s simply a matter of using the 
right tool for the job. In addition to 
publication-quality graphics, you need 
powerful analysis tools and capabilities 
such as Graftool’s @ Intelligent Data 
Cursor™ to read out data points on curves 
& surfaces # Linear & non-linear curve- 
fitting # Unlimited zoom & rotation 
@ Multiple axes in linear, log, or proba- 
bility scales # Advanced data handling, 
allowing over 268,000,000 data points 
® Powerful scientific spreadsheet which 
can directly read your Lotus or ASCII files 


Librard 
; Hpt iors 


orf al a Sy =to-ust 
ics packaze> f 


hl 
from PC Magazine MATS cn, 
with pe permis an cane gazine, 
‘0. a 


©1989 
4th, 1989: Copyrignt nications CO- 


1991 ©Ziff Com 









Easily create complex curves & 
surfaces with the graphical Formula- 





Choose from 26 graph types for 
business, technical, & scientific data. 


Filter Response 


AN 


Automate customized graph creation 
with pre-recorded macro & batch files. 






Integrate 2-D and 3-D data ona single 
graph to add meaning and impact. 


@ Unrestricted placement of graphs & text 
® Direct compatibility with Microsoft Word 
& WordPerfect. 

With Graftool, all this power and 
flexibility purr quietly under the hood, 
while pop-up menus and push-buttons » 
bring an ease of use previously unheard 
of in scientific software. Just “point & 
process’ with increased productivity and 


greater understanding. 

GRAFTOOL — the right tool for your 3-D VISIONS 
technical solutions. 
GRAFTOOL $495. 412 S. Pacific Coast Highway, Second Floor 


Redondo Beach, CA 90277 
Call: 1 (800) 729-4723, 1 (213) 540-8818 
FAX: 1 (213) 540-3492 


@ Interactive demo available 
@ Academic discounts. 
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This new Rolyn Catalog provides you 
with product information covering 
your needs for off-the-shelf optics. 
Write or call today for your free copy. 


ROLY N 
OPTICS 


706 Arrow Grand Circle * Covina, CA 91722-2199 
(818) 915-5707 © (818) 915-5717 
Telex: 67-0380 * FAX: (818) 915-1379 
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DSP FOR THE 90’S 


SunFilter ™ 


FILTER DESIGN SOFTWARE 
for the Sun 4 
available now! 


Also FDAS™ and MacFilter™ 
for IBM and Macintosh™ 

e IR & FIR DESIGNS 

e PARKS McCLELLAN 

e TRANSFER FUNCTION ANALYSIS 

¢ COEFFICIENT QUANTIZATION 

e INTUITIVELY EASY TO USE 


CODE GENERATORS 
© AT&T, ANALOG DEVICES 
¢ MOTOROLA, TEXAS INSTRUMENTS 
HARDWARE 
DEVELOPMENT TOOLS 
DEMOS AVAILABLE 


MOMENTUM DATA SYSTEMS 
1520 NUTMEG PLACE #108 
COSTA MESA, CA 92626 
TEL: (714) 557-6884 
FAX: (714) 557-6969 


MACINTOSH IS A REGISTERED TRADEMARK OF APPLE 
COMPUTER, INC. 
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Calendar 


Electronics Laboratory, Electronics Park, 
Syracuse, N.Y. 13221; 315-456-3514. 





GaAs Integrated Circuits Symposium 
(ED); Oct. 20-23; Monterey Sheraton 
Hotel, Monterey, Calif.; S. Kuntz, Courte- 
sy Associates, 655 15th St., N.W., Suite 300, 
Washington, D.C. 20005; 202-347-5900. 


Military Communications Conference— 
Milcon ’91 (COM); Oct. 20-23; McLean 
Hilton, Virginia; Fay Brady, Mitre Corp., 
7525 Colshire Dr., McLean, Va. 22102; 
703-883-6733. 


Vehicle Navigation and Information 
Systems Conference-VNIS ’91 (VT); 
Oct. 20-23; Hyatt Regency, Dearborn, 
Mich.; Mark K. Krage, General Motors Re- 
search Laboratories, Department 18, 30500 
Mound Rd., Warren, Mich. 48090; 313-986- 
2976. 


Workshop on Applications of Signal 
Processing to Audio and Acoustics 
(SP); Oct. 20-23; Mohonk Mountain House, 
New Paltz, N.Y.; James Kates, City Univer- 
sity of New York, Graduate Center, Room 
901, 33 W. 42nd St., New York, N.Y. 10036; 
212-642-2179, fax, 212-642-2379. 


Advanced Semiconductor Manufactur- 
ing Conference and Workshop (ED); 
Oct. 21-22; World Trade Center, Boston; 
Margaret Bachmeyer, 2000 L St., N.W. 

Suite 200, Washington, D.C. 20036; 202- 
457-9584. 


Portland International Conference on 
Management of Engineering and 
Technology—Picmet ’91 (EM); Oct. 27- 
31; Marriott Hotel, Portland, Ore.; Dundar 
F. Kocaoglu, Portland State University, En- 
gineering Management Program, Portland, 
Ore. 97207-0751; 503-725-4660. 


Eighth International Conference on 
Automotive Electronics (VT); Oct. 28- 
31; Savoy Place, London, England; Jane 
Chopping, Conference Organizer, IEE Con- 
ference Services, Savoy Place, London 
WC2R OBL, England; (44+1) 240 1871. 


International Logic Programming 
Symposium (C); Oct. 29-Nov. 2; San 
Diego Princess, San Diego, Calif.; IEEE 
Computer Society Conference Department, 
1730 Massachusetts Ave., N.W., Washing- 
ton, D.C. 20036-1903; 202-371-1013; fax, 
202-728-0884. 


International Professional Communi- 
cation Conference (IPCC’91) (PC); Oct. 
30-Nov. 1; Sheraton World Resort, Orlan- 
do, Fla.; Daniel Plung, Westinghouse Savan- 








nah River Co., 1070 Silver Bluff Rd., Aiken, 
S.C. 29801; 803-642-4066. 


Sixth International Symposium on 
Computer and Information Sciences 
(C); Oct. 30-Nov. 2; Bilkent University, 
Ankara, Turkey; IEEE Computer Society, 
Conference Department, 1730 Mas- 
sachusetts Ave., N.W., Washington, D.C. 
20036-1903; 202-371-1013. 


13th Annual International Conference 
of the IEEE Engineering in Medicine 
and Biology Society (EMB); Oct. 31- 
Nov. 3; Hilton at Walt Disney World, Lake 
Buena Vista, Fla.; Joachim H. Nagel, 
Department of Biomedical Engineering, 
University of Miami, Box 248294, Coral Ga- 
bles, Fla. 33124; 305-284-2442. 


NOVEMBER 


International Conference on Com- 
puter-Aided Design-ICCAD ’91 (ED); 
Nov. 11-14; Santa Clara Convention Center, 
Santa Clara, Calif.; ICCAD, 1730 Mas- 
sachusetts Ave., Washington, D.C. 20036- 
1903; 202-371-1013. 


Third Topical Conference on Emerging 
Technologies in Materials (ED); Nov. 
17-22; Los Angeles Hilton Hotel, Los An- 
geles, Calif.; S.H. Gehrke, Department 
of Chemical Engineering, University of 
Cincinnati, Mail Location 171, Cincinnati, 
Ohio 45221-0171; 513-556-2766; fax, 
513-556-3473. 


AL 


International Electron Devices Meet- 
ing (ED); Dec. 8-11; Washington Hilton 
Hotel, Washington, D.C.; Melissa Wider- 
kehr, c/o Courtesy Associates Inc., 655 15th 
St., N.W., Suite 300, Washington, D.C. 
20005; 202-639-4990. 


Ultrasonics Symposium (UFFC); Dec. 
8-11; Hilton Hotel at Disney World, Orlan- 
do, Florida; Don Malocha, Department of 
Electrical Engineering, University of Cen- 
tral Florida, Orlando, Fla. 32816; 
407-275-2414. 


22nd Annual Semiconductor Inter- 
faces Specialist Conference (ED); Dec. 
11-14; Disney Village Resort, Orlando, Fla.; 
Steve Lyon, Department of Electrical En- 
gineering, Princeton University, Princeton, 
N.J. 08544; 609-258-4635. 


Power Semiconductor Devices Work- 
shop (ED); Dec. 12-13; National Institute 
of Standards and Technology (NIST), 
Gaithersburg, Md.; David Blackburn, NIST, 
Building 225, Room B310, Gaithersburg, 
Md. 20899; 301-975-2053. 
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AI&I’S DSP3 Parallel Processor: 
every cubic foot, a gigaflop. 


sor your toughest tasks—image pro- 
cessing and object recognition, 





Give the AT&T DSP3* Parallel Proces- 


25 megaflop processing engine, the 
DSP3 can handle multi-gigaflop com- 
putational loads in a network configu- 


tue, 





powerful processing with the density 
you need, look to the AT&T DSP3. It 
can cut your algorithm problems 









beamforming, neural networking, 
speech recognition, synthetic aper- 
ture radar—and it'll handle the prob- 
lem with speed and ease. 

The DSP3 delivers 1 gigaflop per 
cubic foot of active area (up to 3.2 
gigaflops in a single array). With an 
advanced package that gives you 800 
megaflops in only 9 cubic inches. 

Speed? 40 megabytes/second 
on each of four channels for an 
aggregate bandwidth of up to 160 
megabytes/second. 

Capacity is also maximized. Using a 





eight boards, each with 16 
processing nodes, providing 

400 megaflops of power and four 
megabytes of memory. 

AT&£I’s DSP3 gives you access to 
high-level language software such as a 
C compiler and a wide library of sig- 
nal processing subroutines. And it 
leads the industry in price per 
megaflop. Plus, of course, you get the 
unparalleled support and service of 
AT&I Bell Laboratories and AT&T Field 
Applications Engineers. 

So, for realtime parallel processing, 
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tive, or 1800 553-8805. (N.C. residents, 
call collect: 919 697-9580. ) 


*Developed in part under a DARPA sponsored contract. 
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Multiflow 
TRACE Supercomputers 
for SALE 


Up to 90% off, 
starting at $29,500! 
Expandable to 215 MIPS and 
120 MFLOPS performance 


Supports up to 
512 MB memory 
and 20 GB disk 


Includes Unix 4.3 BSDFTN 
& C compilers, 
VAX compatibility suite. 
NFS, OSF-Motif, X11-R4, 
and more! 


TRACE Systems are sold and 
supported nationwide by: 


Bell Atlantic Business Systems 


For great prices, great service, and 
great support, call 


Mr. Steven Eskenazi, Program Director 
at 203-488-5377 
or FAX 203-481-0276 
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The Changing Expectations 
of Engineers and Scientists 


PREPARING 
FOR PEACE 


A New SPECTRUM 
Special Compendium 


Members $7.50 List $15.00 
(THO289-9) (plus postage & handling) 


Not since the 1940s and 1950s has the 
United States undergone such a rapid 
demobilization of its military and support 
industries. 

With one in three EEs in the United States 
directly or indirectly affected by the mili- 
tary—and 10 percent or more of the total 
national manufacturing output devoted to 
military uses—the potential impact of this 
cutback on the industry is formidable. 

This special report, “Preparing for Peace,” 
excerpted from the November 1989 issue of 
SPECTRUM focuses on ways the industry is 
coping with this emphasis on peace and 
shows how some companies are attempting 
to reallocate their resources—and the skills 
of their scientists and engineers. High- 
lighted are the economic factors concerning 
science and research that must be faced, the 
technologies and areas likely to attract 
increased attention, and the military 
and international implications of the 
retrenchment. 


















To order your copy, simply phone 


1-800-678-IEEE 
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E., Van Nostrand Reinhold, New York, 1991, 
459 pp., $56.95. 
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and Horowitz, Ellis, Prentice-Hall, Engle- 
wood Cliffs, N.J., 1991, 447 pp., $49. 


Digital Telephony, 2nd edition. Bellamy, John, 
John Wiley & Sons, New York, 1991, 572 pp., 
$64.95. 


Developing Software to Government Standards. 
Roetzheim, William H., Prentice-Hall, En- 
glewood Cliffs, N.J., 1991, 478 pp., $37. 


Frequency Transmission Systems. Whitaker, 
Jerry C., McGraw-Hill, New York, 1990, 432 
pp., $49.50. 


PC Graphics With GKS. Bono, Peter R., En- 
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Englewood Cliffs, N.J., 1990, 321 pp., 
$44.95. 
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for Managers. Liebowitz, Jay, Prentice-Hall, 
Englewood Cliffs, N.J., 1991, 166 pp., $28. 


Electronic Materials. Warnes, L.A., Van Nos- 
trand Reinhold, Florence, Ky., 1990, 292 
pp., $44.95. 


Data Structures and Program Design in C. 
Kruse, Robert L., et al., Prentice-Hall, En- 
glewood Cliffs, N.J., 1991, 525 pp., $42. 
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Press, New York, 1990, 333 pp., $54.50. 
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glewood Cliffs, New Jersey, 1991, 447 pp., 
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Electronic Data Interchange. Kimberley, Paul, 
McGraw-Hill, New York, 1991, 290 pp., 
$34.95. 


Manprint: An Approach to Systems Integration. 
Ed. Booher, Harold R., Van Nostrand Rein- 
hold, New York, 1990, 612 pp., $42.95. 


Non-Monotonic Reasoning. Lukaszewicz, 
Witold, Ellis Horwood, London, 1990, 328 
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Guidance 
From the Experts 

At IEEE 

Standards Seminars 


Throughout the year the IEEE 
sponsors seminars on standards 
taught - in most cases — by the 
engineers who developed them. We 
offer standards seminars on: 


SOFTWARE ENGINEERING 


You'll learn about: 
¢ Project Management Planning 
¢ Verification and Validation 

e Testing 

¢ Configuration Management 

¢ Software Quality Assurance 


¢ Software Requirements 
Specifications 


¢ Reviews and Audits 





POWER ENGINEERING 


Based on the popular IEEE Color 
Book Series and other approved 
IEEE standards. Find out about: 
e Protection of Co-Generation 
Plants Paralleled with Utility 
Transmission Systems 
¢ Health Care Facilities Power 
Systems 
e Planning, Design, Protection, 
Maintenance, and Operation of 
Industrial and Commercial 
Power Systems 
¢ Electric Power Supply Systems 
for Nuclear Power Generating 
Stations 











NATIONAL ELECTRICAL SAFETY CODE 





The National Electrical Safety Code 
(NESC) indicates safeguards from 
many kinds of electrical hazards. In 
our seminar, you'll learn to: 
e Apply the Code to help ensure 
electrical safety. 
e Review grounding and clearance 
for compliance with the Code. 
e Understand why these safety 
rules were made. 
¢ Look for solutions to grounding, 
clearances, and other electrical 
safety problems. 


For details on all our Standards 
Seminars, write to: 


Standards Seminar Manager 
IEEE Service Center & 
445 Hoes Lane 

Piscataway, NJ 08854-4150 USA 


Or call Toll Free at 1-800-678-IEEE. 
















































It's not easy being top tlog, 





Sometimes it’s harder to stay out front than it is chemical process modeling to underwater propulsion. 
to get there. That's why you need a CAE environment Features include hierarchical model construction 
designed to keep the competition where it belongs. for mixed continuous and discrete systems, lineariza- 
Behind you. tion, and automatic code generation. 

Presenting Ctrl-C and Model C. Ctrl-C is the Ctrl-C and Model C from Systems Control 
interactive command-driven language for classical Technology, Inc. When you want your project to fly, 
and modern control design and analysis, signal there’s no better way to get it off the ground. 
processing, system identification and optimization, For more information contact the CAE Systems 
and engineering graphics. Model-C is the block Sales Department at 800-227-1910, telex 176451 SYSTEC 
diagram modeling and simulation program for work- PLA, fax 415-496-6595, or write to 2300 
station environments. It simplifies all phases of Geng Road, Palo Alto, California 94303. 
systems engineering, on projects ranging from CAE Systems is a division of SCT, Inc. 

es 











Ctrl-C available for 386 PCs, Sun, Apollo and DEC workstations, DEC mainframes and Convex. Mac versions available soon. Model-C available for VAX and Sun 3 workstations, SPARCstation, DECstation and Mac version coming soon. CtrlC® and Model-C™ are trademarks of Systems Control Technology, 
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books you want, fill 
in the order form 
below, and mail or 
fax to IEEE. 

Members will be billed. 


) MULTICHIP MODULES 
Systems Advantages, Major Construc- 
tions, and Materials Technology 
edited by R.Wayne Johnson et al. 


Practical applications and options by industry 
leaders vil help you make the right decisions 
on the construction and process required for 
new equipment design. 


1991 Order # PCO260-0-PGY 61 6p 
hardcover Member $75.00 List $99.95 


(J FIELD THEORY 
OF GUIDED WAVES 
Second Edition by Robert E.Collin 


Completely revised and updated, the new 
second edition of the classic reference on 
nee theory and analytical meth- 
ods for solving waveguide and cavity prob- 
lems includes almost 40% new material. 


1991 Order # PCO256-8-PGY 864 pp 
hardcover Member $56.25 List $74.95 














FOR SERVICE, CALL TOLL-FREE: 


1-800-678-IEEE 
Outside the USA- 908-981-0060 


Or FAX: 908-981-9667 

TO ORDER BY MAIL 

Clipthis page, check appropriate boxes 
and mail or fax to: 
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AHandbook For Engineers 





















and Scientists 








by Theodore Wildi 


“very useful both to stu- 
dents and to practicing sci- 
entists and engineers. It 
presents the conversion fac- 
tors in a tcl lucid way, with effective 
use of color and graphics.” David R. Lide 

Committee on Data for Science and Technology 


1991 Order # PPO267-5-PGY 96 pp 
softcover Member $11.25 List $14.95 


() REAL-WORLD ENGINEERING 
A Guide To Achieving Career Success 
by Lawrence J.Kamm 


“the engineer's equivalent to Tom Peters’ In 
Search of Excellence.” Merrill Skolnik 


1991 Order # PPO273-3-PGY  256pp 
softcover Member $15.00 List $19.95 


() INFORMATION TECHNOLOGY 
FOR COMMAND AND CONTROL 
Methods and Tools for Systems Develop- 
ment and Evaluation, edited by Stephen J 
Andriole & Stanley M. Halpin 


Cost-effective design and development tech- 
niques with specific examples for successful 
applications. 


1991 Order # PCO264-2-PGY 584 pp 
hardcover Member $47.50 List $59.95 


IEEE Service Center 
Customer Service Dept. 

445 Hoes Lane, P.0.Box 133] 
Piscataway, NJ 08855-1331 


All orders will be billed at the member price plus handling. NY, 
NJ, CA, & DC residents will be billed appropriate state sales 
tax. Handling charges are as follows: 

Order Value 


Up to $50.00 $4.00 
$50.01 to $75.00 $5.00 
$75.01 to $100.00 $6.00 
$101.01 to $200.00 $8.00 
Over $200.00 $15.00 




















() APPLIED RELIABILITY 
ASSESSMENT IN ELECTRIC 
POWER SYSTEMS 

edited by Roy Billington et al. 


Representing the views of both utilities and 
practicing engineers, this book tains 
present-day power systems design, planning 
and operating criteria and techniques. 


1991 Order # PCO251-9-PGY 560pp 
hardcover Member $52.50 List $69.95 


(_) MICROSENSORS 
edited by Richard S. Muller et al. 


Focuses on uses and opportunities, fabrication 
techniques, transduction principles, circuits as- 
sociated with sensors for ad and signal 
conditioning, and microsensors for specific uses. 


1991 Order # PCO257-6-PGY 480 pp 
hardcover Member $37.50 List $49.95 
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] PERSPECTIVES ON 

PACKETIZED VOICE AND 

DATA COMMUNICATIONS 

“ by William Lidinsky and David 
ac 


The latest research results on the search for 
a definitive unified network architecture 
that can economically and practically handle 
the broad range of communications de- 
manded by users. 


1991 Order # PCO252-7-PGY 304 P 
hardcover Member $31.50 List $39. 


L) NONVOLATILE 
SEMICONDUCTOR MEMORIES 
Technologies, Design, and Applications. 
edited by Chenming Hu 


The latest developments from PROM, 
EPROM, EEPROM, Hash EEPROM, nonvola- 
tile RAM, to dielectrics, memory designs, 
reliability, and applications. 


1991 Order # PCO263-4-PGY 496 pp 
hardcover Member $47.50 List $59.95 


) ADVANCES IN ADAPTIVE 
CONTROL 
edited by Kumpati S. Narendra et al. 


Recent advances and breakthroughs on the 
adaptive control of linear, nonlinear, and 
stochastic systems plus a'wide range of 
applications, including robotics, aerospace, 
and process control. 


1991 Order # PCO272-5-PGY 424 pp 
hardcover Member $55.00 List $69.95 
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edited by R.Wayne Johnson et al. 


Practical applications and options by industry 
leaders vil help you make the right decisions 
on the construction and process required for 
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hardcover Member $75.00 List $99.95 


() FIELD THEORY 
OF GUIDED WAVES 
Second Edition by Robert E.Collin 


Completely revised and updated, the new 
second edition of the classic reference on 
electromagnetic theory and analytical meth- 
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lems includes almost 40% new material. 


1991 Order # PCO256-8-PGY 864 pp 
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Committee on Data for Science and Technology 
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Methods and Tools for Systems Develop- 
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applications. 
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Isn’t it time 
we got 
together? 


Consider the personal and professional benefits 
that only IEEE can offer you. | 
Being a member of IEEE—the world’s largest | 
technical society—makes it easier for you to | 
meet the established professionals in your field; 
to have ready access to all the latest state-of- 
the-art information, technical meetings and 
conferences. 

IEEE can be the single most vital source of 
technical information and professional support 
to you throughout your working career. 

No doubt, you’re already established in your 
field. Now gain that competitive edge. Become 
the best informed—an IEEE scientific/engineer- 
ing professional. 
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Too accurate? 


Sometimes the attempt to be accurate with 
engineering terms can fall on deaf ears. Such 
has been the case with se time and fall time, 
terms that were purposely omitted because 
of this perceived lack of accuracy from the 
terminology for describing electrical pulses 
set out in 1977 in IEEE Standard 194. In their 
place, the standard anoints first transition 
duration and last transition duration, but lit- 
tle attention is being paid. Rise time and fall 
time remain in quite common use. 

For example, none of the instruments 
made by Tektronix Inc., Beaverton, Ore., 
and Hewlett-Packard Co., Colorado Springs, 
Colo., makes use of the transition duration 
terms. The companies criticize the nomen- 
clature as not being the way their customers 
talk. But recently, by a vote of the cognizant 
IEEE committee, the standard was amend- 
ed to include the words in common use as 
alternatives, sort of. 

Back in 1977, standards committee mem- 
| bers concluded that rise time is ambiguous 




















| teeta 

when applied to a negative pulse. In this 
case, it could conceivably pertain to either 
the leading or trailing edge. 

In contrast, first transition would clearly 
refer to the leading edge, and last transition 
to the trailing edge, whether the pulse were 
positive or negative. Furthermore, the com- 
mittee reasoned that time in precise terms 
is a value at one point along a continuum, 
whereas the terms under consideration refer 
to a change in time or time interval; hence, 
the use of the word duration rather than 
time. 

But even in engineering where, if any- 
where, logic should prevail, the largely illog- 
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ical matters of personal taste and familiari- 
ty enter in. Engineers are attached to rise 
time and fall time and are not about to 
give them up, according to informal sur- 
veys by Hewlett-Packard of its customers. 

Both HP and Tektronix oscilloscopes read 
out pulse measurements as rise time when- 
ever the transition is positive-going (even 
on the trailing edge of a negative pulse), and 
fall time whenever it is negative-going. It 
turns out the manufacturers also have logi- 
cal reasons for using these terms. When au- 
tomatic measurements are being taken, it 
may be difficult for the computer to differen- 
tiate between first transitions and last tran- 
sitions. 

More than unfamiliarity, the real objection 
to the standard terms is that they sound stilt- 
ed and are awkward to say. Other terms in 
the standard contribute to this sentiment. 
Proximal, mesial, and distal points denote 
positions on the pulse nearest to, toward the 
middle, and farthest from the waveform 
baseline. 

However, at least one of the instruments 
makers that prefers sticking with vise time 
and fall time has a product for the market 
that makes use of proximal, mesial, and dis- 
tal. Stilted or not, this company obviously 
feels the terms contribute to a better under- 
standing of what is being measured. That’s 
not enough for one of its competitors, 
though, which declines to use these terms 
because, it says, its customers find the 
words too pedantic and pretentious for 
everyday use. 

After debating the mse time-fall time 
issue—indeed, some members felt there 
was far too much discussion of what they 
regarded as a side issue and kept them 
from more important chores—the subcom- 
mittee on pulse techniques of the IEEE’s 
TC-10 Waveform Measurement and Analy- 
sis Committee voted to include vise time and 
fall time as alternatives in the standard. 
However, it labeled the terms ‘‘deprecat- 
ed.’”’ Translation: please don’t use them. 

The vote was 11 to 1, with one abstention. 
Said one member of the subcommittee: 
‘‘We’ re trying to push people a little to get 
them to use more appropriate—and more 
accurate—terminology.”’ 

Another member, from an equipment 
maker, hoped the vote would put the issue 
to rest so the committee could get on to what 
he termed ‘‘real measurement issues.’’ Be- 
sides, he said his company would continue 
to use vise time and fall time, deprecated or 


not, until its customer base told it otherwise. 





COORDINATOR: Karen Fitzgerald 
CONSULTANT. Anne Eisenberg, Polytechnic 
University 
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Innovations 





Making multiprocessor 
programming smoother 


Often the best way to deal with such 
compute-intensive problems as flight simu- 
lation, seismic data acquisition and signal 
processing, and radar and sonar data pro- 
cessing involves multiprocessing—which, 
however, is more easily said than done. It 
usually begs for programming specialists, es- 
pecially at the debugging stage. 

Programming a multiprocessing system 
becomes even rougher going when the in- 
tended user is a scientist rather than a soft- 
ware engineer. Typically, multiprocessors 
operate in a single-instruction, multiple-data 
(SIMD) mode, with a program being writ- 
ten and debugged for one processor, then 
copied to the other processors with the hope 
that all will operate smoothly. Debugging 
such a system calls for knowledge of the in- 
tricacies of the operating system, as well as 
the application. 

Still, the application expert, rather than 
the programmer, is the target of CSP Inc., 





of Billerica, Mass. With the help of Multipro- 
cessor Toolsmiths Inc., Ottawa, Ont., CSPI 
developed transparent multiprocessing for 
the RTS-860 Multiprocessor it had in- 
troduced earlier this year. 

CSPI manufactures a family of vector pro- 
cessor cards (dubbed SuperCard) built 
around Intel Corp.’s powerhouse i860 
microprocessor chip. These cards are com- 
bined in the RTS-860 to yield super- 
computer-range performance—anywhere 
from 80 million floating-point operations per 
second to 2.56 billion (with 16 processors in- 
stalled). 

What’s more, the multiprocessor system 
can be used for real-time problems because 
its operating system is a combination of Soft- 
ware Components Group Inc.’s pSOS+ 
real-time kernel and Multiprocessor Tool- 
smiths’ Unison. Running on top of pSOS+, 
the Unison operating system provides Unix- 
compatible system calls for file and network 
access. 

Multitasking/multiprocessing capabilities 
are performed by means of pSOS+. This 





kernel acts as a nucleus of supervisory soft- 





16 MHz CPU 
DRAM to 512K 


20 MHz DSP 
SRAM to 96K 


DAPL™ Operating System 
100+ standard commands 
Custom commands in C 


ANALOG I/O 
DIGITAL I/O 


Inputs to 235K samples per second 


Outputs to 250K samples per second 


Or call for 
FREE demo diskette. 





CALL and talk 
to us about 
your project. 


(206) 453-2345 


MICROSTAR 
LABORATORIES 7 


2265 116th Avenue NE 
Bellevue, WA 98004 
FAX (206) 453-3199 
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ware that enacts services on demand, sched- 
ules, manages, and allocates resources, and 
coordinates multiple asynchronous activi- 
ties. This kernel runs on both a 68030-based 
central processing unit (CPU) controller also 
in the system and the SuperCard vector 
processors. 

The pSOS+ kernel and Unison provide all 
of the control for multitasking within a sin- 
gle vector-processor board, as well as mul- 
tiprocessing across multiple boards. Since 
pSOS+ and Unison run on both the CPU 
controller and the i860 vector processors, 
the processor hardware is completely trans- 
parent to user code. Unison also implements 
RPC (Remote Procedure Call), which per- 
mits the user to call a routine on the work- 
station host; the multiprocessor system 
works with Sun Microsystems Inc.’s work- 
stations. 

With CSPI’s transparent multiprocessing, 
the user can do something not possible until 
now: debug an entire multiprocessing and 
multitasking application from a single win- 
dow on a workstation. In effect, CSPI has 
automated the process of building the appli- 
cation so that the component programs can 
be shuffled easily to accommodate the num- 
ber and types of processors available in the 
system. 

As a job is divided into individual tasks, 
those tasks can be placed on any processor 
with no change in code. And tasks may be 
moved from one processor to another to suit 
application needs. Interactive debugging is 
provided through a point-and-click user in- 
terface to CSPI’s remote real time system 
and source-level debugger, called Remedy. 
This seems an apt name for a tool that can 
cure a lot of ills. 

Remedy runs on the Sparc processor in 
the Sun workstations, and provides a full 
cross-development capability with network 
support. Implemented with a window and 
mouse-based interface, it is fully symbolic 
and handles multiple task debugging, dy- 
namic task display, and task breakpoint. Es- 
sentially, Remedy provides the same level 
of debug facilities that would be available for 
a single processor. This goes a long way to- 
ward tailoring the programming of the mul- 
tiprocessor system to the abilities of the 
scientist developing the application, rather 
than calling for the skills of a software en- 
gineer. 

For information on the RTS-860 Multi- 
processor, contact Geoffrey Cohler, CSP Inc., 
40 Linnell Circle, Billerica, Mass. 01821; 
617-272-6020; fax, 508-663-0150; or circle 
110. 





COORDINATOR: Alfred Rosenblatt 
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The better wary to do technical calculations 
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Mathcad 3.0. 


When number-crunching time comes, 
does work grind to a screeching halt? 

Want a better way to do technical calcula- 
tions than a spreadsheet or calculator—an 
obstacle clearer instead of an obstacle creator? 

You need new Mathcad 3.0, the crunch- 
those-numbers, and deliver-results-in-a- 
second calculation software. 

As in-depth as you want, as routine as you 
need. Mathcad 3.0 does everything from 
averages to FFTs, from percentages to matri- 
ces. Pisa every function you'll ever need 
is built in for rapid, effortless calculations. 

New Electronic Handbooks make it easy 
to click-n-paste hundreds of standard for- 
mulas, useful data, even entire calculations 
into your documents. And a full range of 
add-on Applications Packs help you solve 
problems specific to your profession. 
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Mathcad’s new easy to learn and use 
Windows 3.0 interface has you up and 
running in hours—not days. Best of all, 
Mathcad is just plain fast. 

Simply plug in data and you’re done— 
Mathcad does all the work for you. It does 
the calculations. Automatically updates 
results when you change a variable in the 
live document. It chs in 2-D or 3-D. 
And prints results in presentation-quality 
documents, complete with equations 
in real math notation. In the blink of an 
eye—numbers crunched—and you’re back 
to work. 

Meet the Mathcad 3.0 power list: 

e New easy to learn and use Microsoft 
Windows 3.0 interface 

e New Electronic Handbooks and Applica- 
tions Packs provide solutions for Electrical, 
Mechanical, Civil and Chemical Engineer- 
ing, Statistics, Advanced Math, and Numer- 
ical Methods 

¢ New symbolic calculations performed 
more easily than with any other product 
+ Does exponentials, integrals, matrices, 
and more 












e 2-D and 3-D graphics 
¢ Prints high-quality 
documentation 
e PC DOS, Macintosh® and 
Unix® versions also available 
Fora free Mathcad 3.0 
demo disk, or upgrade informa- 
tion®, call 1-800-MATHCAD 
(or 617-577-1017, Fax 617- 
577-8829). Or see your software dealer. 
Available for IBM® compatibles, Macintosh 
computers, and UNIX workstations. 


TM and ® signify manufacturer’s trademark or registered trademark 
respectively. 


1-800-MATHCAD 


* Free upgrades available for those who purchase Mathcad 2.5 for DOS from 
5/1/91-6/30/91. Call for details, 


The answer Is 


Mathcad 


MathSoft, Inc. 
201 Broadway, Cambridge, MA 02139 USA 


CHOICE 
Mathcad 2.5 
3-14-89 issue. 
Best of 88 
Best of 87 

















Australia: Hearne (03) 866 1766; Belgium: SCLA 013/55 17 75; Denmark: Engberg 42 25 1777; Finland: Zenex 90-692-7677; France: ISE-Cegos (1) 46 09 24 00; Germany: Softline (078 02) 4036; Italy: Channel 02-90091773; Japan: CRC 03-3665-9741; 


Netherlands: Klaasing 01620-81600; Norway: Protech 09-959020; Switzerland: Redacom 032 41 01 11; U.K.: Adept Scientific (0462) 480055. In other locations, contact MathSoft, USA. 





Circle No. 12 


#9 






Analog Circuit Simulation 


From Schematic Entry to SPICE Simulation and Waveform 
Graphics, Intusoft has it all in one easy to use, integrated 
environment! Complete Systems are available starting at $815. 


CompREHENSIVE SPICE SIMULATION 
(IsSpice $95) Performs AC, DC, Transient, Noise, Fourier, 
Distortion, Sensitivity, and Temperature analyses. For large 
simulations, (>3000 components) special extended memory 
versions for 286 (IsSpice/286 $210) and 386/486 (IsSPice/386 
$386) machines are available. 


Mopets AND Apvancep ANALYSES 
(PreSpice $200) Extensive Model libraries, Monte Carlo 
analysis, Circuit Optimization, and Parameter Sweeping. 
(SpiceEMop $200) SPICE model generation from data sheets. 
Models diodes, transistors, jfets, mosfets, and power devices. 


Powerrut GRAPHICS 
(SpiceNet $295) Schematic entry for ANY SPICE simulator. 
Makes a complete SPICE netlist. (INtuScore $325) Graphical 
waveform post processing and report quality printouts. 
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VOUT? in Volts 
(5) in Volts 


Special Educational Discounts, Student Versions, 
and Network Packages are available. 
Call Or Write For Your Free Demo and Information Kit! 
a 


30 Day Money Back wee P.O. Box 710 San Pedro, 
Guarantee intusoft ©A 90733-0710 


Tel. (213) 833-0710 Fax (213) 833-9658 
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DEPARTMENT OF ELECTRICAL ENGINEERING 


NEW ACACEMIC APPOINTMENTS SCHEME 


LECTURESHIPS IN ELECTRICAL AND 
ELECTRONIC ENGINEERING (2 posts) 


Applications are invited from candidates with ex- 
perience in one of the following areas: 

Software Engineering 

Micro-Electronic Systems 

Electrical Power Engineering 


Candidates for a post in software engineering must be 
experienced with Unix as a development environment 
and the Pascal and C programming languages. Com- 
mitment to, and experience in top down modular 
programme design is essential, as is familiarity with 
all aspects of the software design life cycle. In addi- 
tion, experience in one or more of the followuing areas 
is desirable: use and design of CASE tools, fault toler- 
ant software, languages for concurrent processing, ob- 
ject oriented systems, and/or knowledge based 
systems. For a post in micro-electronic systems, prefer- 
ence will be given to candidates either with device 
modelling experience, or with experience in the design, 
simulation and testing of VLSI systems. Candidates 
with interests in integrated opto-elecronic systems are 
also invited to apply. In the field of power engineering 
candidates should preferably offer experience in pow- 
er generation and transmission with research interests 
either in simulation of power systems or in new means 
of power generation. Candidates with interests in elec- 
trical machines and research interests in electrical 
transportation will also be considered. 

Salaries on either Lecturer A £12690-£17593 pa or Lec- 
turer B £18328-£23427 pa (under review). Superan- 
nuable. 

Further particulars and application form from the Senior 
Assistant Registrar, Personnel, Ref L/EE/NAAS/S, 
University of Bradford, West Yorkshire. BD7 1DP. Tel 
0274 383094. Working towards Equal Opportunities. 
Informal inquiries to Professor Howson or Professor 
Watson (0274-384001/2). 
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Shedding light on radia tion 


The item on non-ionizing radiation [March, 
p. 28] caught my eye. It contains a number 
of perplexing statements either quoting or 
misquoting Bill Guy and J. Robert Ashley. 
First of all, it is perfectly appropriate to say 
that power lines, appliances, and even light- 
ning radiate electromagnetic fields. 
Furthermore, one does not need a 1000- 
km-high antenna to ‘‘radiate’’ 60-Hz fields. 
Indeed a 20-km grounded horizontal anten- 
na can produce measurable signals at glob- 
al distances (see the Communications So- 
ciety Transactions’ special issue on ELF 
[extremely low frequency], April 1974). 
Ashley’s statement that electric and mag- 
netic fields near power lines are uncoupled 
is also inaccurate. The generated earth cur- 
rents have tightly coupled E and H. 
James R. Wait 
Tucson, Ariz. 


Author Ashley responds: 
In IEEE Standards and in all the electromag- 
netic theory textbooks I have checked, the 
words radiate, radiation, and electromagnetic 
fields apply to traveling electromagnetic 
waves with frequencies ranging from frac- 
tions of a hertz to a terahertz. The elec- 
tromagnetic field strength—watts per square 
meter—is found by calculating or measur- 
ing the Poynting vector, the cross product 
of the electric field and the magnetic field. 

For a 60-Hz power line, the magnetic field 
flux lines encircle the conductors. The vec- 
tor direction is essentially angular. For rural 
transmission lines, the magnitude is in the 
range of 1-10 microteslas. For urban distri- 
bution lines, the magnitude is in the range 
of 100-1500 nanoteslas. But the Denver, 
Colo., epidemiology studies of childhood 
cancer risk have raised unanswered ques- 
tions about its correlation with conductor 
configuration in typical distribution lines. 
Thus, using a safety factor of 10, engineers 
can safely conclude that any 60-Hz magnetic 
flux density of less than 10 nT is insignificant. 

If an electromagnetic wave were radiat- 
ed away from a power line, the Poynting vec- 
tor a few centimeters above ground would 
have an electric field component normal to 
the ground and the magnetic field vector 
would have a direction parallel to the con- 
ductors. This allows a simple measurement 
to determine if a power line radiates a sig- 
nificant electromagnetic wave. One mea- 
sures to see if a magnetic field component 
parallel to the power line conductors is great- 
er than 10 nf. (The much larger angular com- 
ponent is not transverse to the electric field 
and so does not contribute to radiation.) 

I have done this for both transmission and 





distribution power lines. There is no signifi- 
cant radiation of electromagnetic waves by 
60-Hz power lines. Similar theory and meas- 
urements give the same unequivocal results 
for appliances. 

In contrast to the grounded antennas used 
for Project Sanguine as discussed in Wait’s 
special issue, power lines do not have 
“generated earth currents.’’ Maxwell’s the- 
ory does tell us how to find the circulation 
of the magnetic field when the value of the 
time-varying electric field is known; but that 
is insufficient information to completely de- 
termine the magnetic field. Therefore, the 
electric and magnetic fields are essentially 
independent of one another. 


Corrections 

On p. 28 of the April issue, in the boxed 
statement, the phrase ‘‘the receiver next 
door’’ should have been ‘‘the receiver just 
down the block.’’ 

On p. 38 of the June issue, the last sen- 
tence of the caption of the diagram showing 
the AsiaSat 1 footprints should have read: 
‘‘These are earth coverage contours of beam 
equivalent isotropically radiated power 
(EIRP) expressed in decibels above 1 watt. 
EIRP is the gain of a transmitting antenna 
in a given direction, multiplied by the net 
power accepted by the antenna from the 
connected transmitter.” 

On p. 42, it was stated that electricity in 
Korea comes predominantly from privately 
owned utilities. In fact, Korea Electric 
Power Corp. is a predominantly Govern- 
ment-owned enterprise (21 percent of its 
stock was sold in a public offering in 1989). 

On p. 47, the German organization expect- 
ed to bid on a high-speed rail project for 
South Korea should have been identifed as 
Inter City Express. 

In the third column on p. 37 of the July 
issue, the contact for ordering the IDA re- 
port should have been the NTIS at 703-, 
487-4650. —Ed. 





Readers are invited to comment in this department 
on material previously published in /EEE Spectrum; 
on the policies and operations of the IEEE; and 
on technical, economic, or social matters of in- 
terest to the electrical and electronics engineer- 
ing profession. Short, concise letters are preferred. 
The Editor reserves the right to limit debate on 
controversial issues. Contacts: Forum, /EEE Spec- 
trum, 345 East 47th St., New York, NY. 10017, 
U.S.A.; fax, 212-705-7453. The Compmail/Internet 
address is ieeespectrum. The computer bulletin 
board number is 212-705-7308 and the password 
is SPECTRUM; for more information, call 
212-705-7305. 
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MICROSOFT PROJECT FoR WINDOWS. ; CA-SUPERPROJECT. 
In AN INDEPENDENT STupy, It TooK 50% LonGER To WITH More EFFICIENT SCHEDULING ALGORITHMS, IT HELPS 


COMPLETE A PROJECT THAN CA-SUPERPROJECT. You BRING Projects IN ON TIME AND ON BUDGET. 


n 7 = 


Project. D Manager 
Can You Spot The Difference? 


7, Accuracy. Dependability. pa epee pm ment of resources and gives you comple- 
Required skills for any project manager. But not Seine tion dates you can bet your career on. It's 
as common as you'd think. Ina recent also incredibly easy to use. You can create a 
independent study of the five leading pro- projects in minutes. 








=== ject managers —all scheduling the same And with a few clicks of the mouse, you'll have pre- 
oe project—the completion dates varied by as sentation quality Gantt, PERT, Cost/Resource and 
cascomputing- Much as five months. Work Breakdown charts. 


CA-SuperProject® finished first in 214 3 So call 1-800-645-3003 today to find out the location 
working days. Microsoft® Project finished of your nearest dealer. Because once you've worked 
last in 323 working days. with the most-efficient project 






That's why serious project managers trust CA-SuperProject. manager, the difference will picid 





It offers more efficient scheduling algorithms, better manage- be obvious. 


© 1991 Computer Associates International, Inc., 711 Stewart Avenue, Garden City, NY 11530-4787. All trade names referenced are the trademarks or registered trademarks of their respective companies. 
* March 1991 study published by 1Soft Decision, Inc., including CA-SuperProject 2.0, Microsoft Project For Windows, Symantec's Timeline 4.0, ABT Project Workbench and Scitor’s Project Scheduler-5. 
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There’s a new standard 
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for functionality, ease-of-use and price. 


We set some tough goals for ourselves in 
designing the T1-68. It had to have the 
powerful functions that technical profes- 
sionals need. It had to be easy to use. And it 
had to provide all of this at a substantially 
lower price than the competition. 

We met all of our goals and then some. 
The T1-68 has 254 useful functions. It solves 
up to five simultaneous equations with real 
or complex coefficients. A prompting system 
guides you through all entries and results. 
You can handle the complex numbers exactly 
the way you want, without entering a special 
mode. The T1-68 evaluates 40 complex number 
functions and lets you choose polar or 


©1989 TI 
1H00033D 


The TL68. 


rectangular forms for entries and results. 

It also lets you easily check your equations 
with a 12-character alphanumeric display 
that can scroll through up to 80 characters 
for long equations. And, the last equation 
replay feature lets you edit or check the last 
computation without having to go back and 
reenter it. 

In addition, when you need to solve 
quadratic, cubic or quartic equations, the 
T1-68’s polynomial root finder will calculate 
the real and complex roots — automatically. 

Working with number bases and conver- 
sions are also no problem. Perform arithmetic 
functions in decimal, hexadecimal, octal or 
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binary. And it does Boolean logic operations, too. 
The T1-68 provides up to 440 program 
steps for as many as 12 user-generated formulas. 
It even stores up to 36 values in memories with 
user-defined alphanumeric names. 
The T1-68 has what you’ve been looking 
for — the right functionality at the right 
price. See and try it at a nearby retailer, or 
call 1-806-747-1882 for additional informa- 
tion and to request free product literature. 


TEXAS 4% 
INSTRUMENTS 











Spectral lines 


AUGUST 1991 Volume 28 Number 8 





Management under stress 








n difficult economic times the 
rules and strategies of 
management change. When 
things are good, good will and 
kudos abound. When things 
are tough, criticism and paranoia raise their 
unpleasant heads. 

The stiffness of competition has some- 
thing to do with it. In sunshiny times, when 
business rolls in, the pressure to compete 
or to beat the competition in quality or quan- 
tity is low. In good times even the less quali- 
fied employees are seen as worthwhile con- 
tributors, even if they are less efficient. 

However, with shrinking markets, or 
threatened market share, acceptable mini- 
mum performance levels rise, as do expec- 
tations for output, efficiency, and quality. To 
a point, the stiffening expectations have a 
positive effect. Even so, a few borderline 
performers may be shuffled out of their jobs 
into ones better matched to their abilities. 
But with extended pressure to compete, 
and, especially, to compete where success 
is not assured, managers often change their 
modes of managing. 

They become more critical of sub-par 
performers—even openly critical. They do 


Kudos 





wo issues of IEEE Spectrum 
that garnered a high level of 
interest on the part of readers 
during the past several 
months were the October 
1990 special issue ‘‘R&D: managing to be 
competitive’ and the June 1990 special issue 
““Europower: looking ahead to 1992.’’ Both 
were recently the recipients of additional 
recognition when they were named first- 
place winners in the 11th annual Society of 
National Association Publications award 
competition. The R&D issue was cited in its 
entirety by the judges for its in-depth, broad 
coverage ‘‘crucial to its audience’’ and 
‘‘(demonstrating] attention to editorial and 
graphic detail.’’ The judges, praising the 
cover design of the Europower issue, called 
it ‘‘bold and direct’ and lauded its editorial 
impact. 

Associate editor Karen Fitzgerald cap- 


















not commend hard work alone—it must be 
coupled with results. They avoid overprais- 
ing employees, particularly in writing. (It 
could make it painful and seemingly contrary 
when and if the employee has to be laid off.) 
They steel themselves against being over- 
ly ‘‘fatherly’’ to individual employees. (En- 
gineering managers are not notable in the 
first place for their overt praise of their en- 
gineers.) 

As managers deal with tight budgets, staff 
members, once flesh-and-blood contributors 
and important members of the ‘‘team,’’ be- 
come ‘‘headcount.’’ Some hardened 
managers use the term ‘‘bodycount’’—a 
carryover from Vietnam, one supposes. 

Eventually economic pressure can even 
bend the ethical structure of business. 

Abraham Zaleznik, a Harvard Business 
School professor and author of The 
Managerial Mystique, writes that the greater 
competition brought on by deregulation in 
the United States during the 1980s caused 
a ‘‘looser moral conduct’’ of business 
people—even of professional managers with 
graduate degrees in business. He suggests 
that the new opportunities to make large 
sums of money by illegal and unethical 






blowing: not al- 
ways a losing 

game,’’ in the 
December 
1990 issue. 

The judges 
cited the 






tured an 
Honorable 
Mention in the 
same compe- 
tition for her 
article 
“‘Whistle- 





means tempt many professionals who 
would not otherwise be lured. 

The atmosphere resulting from deregula- 
tion, mergers, and acquisitions has left an 
indelible imprint on business in the United 
States. Engineers at AT&T Bell Laboratories 
reported experiencing a ‘‘year of turmoil and 
indecision’’ following the deregulation order 
before they could get back to serious and 
productive work. IEEE members in a 1988 
poll suggested a decline in the level of dedi- 
cation and creativity of the typical electri- 
cal engineer and a rising dissatisfaction with 
the job. More than 65 percent said they were 
less satisfied with their positions than they 
had been five years previously. 

An erosion across the board of company 
loyalty—reaching well into the executive 
ranks—has followed the instability of em- 
ployment by large U.S. companies. 

There are no ready management solu- 
tions, as companies under duress drop en- 
tire product lines and as financially reeling 
municipalities discontinue worthy public ser- 
vices and social programs. But a sensitivity 
to the forces at work and the shifting strate- 
gies may be helpful to both employees and 
managers as they are buffeted by hard times. 


author’s realistic treatment of the fallout 
from whistle-blowing and called the decision 
to publish the article a ‘‘gutsy’’ one. 

Meanwhile the American Society of As- 
sociation Executives has selected the JEEE 
Spectrum Innovative Precollege Math and 
Science Competition as an award recipient 
in its ‘‘Associations Advance America 
Awards Program.’’ The Spectrum competi- 
tion challenged readers to nominate educa- 
tors who developed innovative precollege 
(K-12) math/science programs. Descriptions 
of the best nominations were submitted to 
a jury of eminent educators, who chose six 
top programs in 1990. Spectrum will repeat 
the competition in 1991. 

We’re proud of the Spectrum staff mem- 
bers who contributed to these winning 
efforts. 





Donald Christiansen 
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The United 


The U.S. space program's 
future is being argued 

in many domestic 
forums, with no clear 
consensus on direction 


n May, a U.S. House of 

Representatives Appropria- 

tions subcommittee took an 

action that was unprecedent- 

ed in the history of the U.S. 

space program: it killed Presi- 
dent George Bush’s request for US $2 bil- 
lion to build the Space Station Freedom. Al- 
though most of the funding was restored by 
an overwhelming majority in a vote of the 
full House in June, the money was 
regained partially at the expense of un- 
manned scientific space exploration 
programs. 

Together these two actions made ur- 
gent and public a major national am- 
bivalence that has been haunting the 
US. space program for years: just what 
should the United States be doing in 
space? How much should it cost? And 
what does space exploration and tech- 
nology return to the infrastructure of 
the nation as a whole? 

These are hardly new questions. But the 
House subcommittee vote explicitly demon- 
strated that at least some people in high 
places have grave reservations about con- 
tinuing with the tradition of multibillion- 
dollar space projects. In announcing the 
original funding cut in May, Michigan Dem- 


Trudy E. Bell Senior Editor 
Karl Esch Contributing Editor 
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States in space 


ocrat Robert Traxler, chairman of the sub- 
committee for Veterans Affairs, Housing and 
Urban Development, and Independent 
Agencies of the House Appropriations Com- 
mittee, declared: ‘‘We simply can no longer 
afford huge new projects, with huge price 
tags, while trying to maintain services that 
the American people expect.’’ 

For the first time, the gesture of killing the 
project gave those reservations force and 


a) prominence. The General Accounting Office 
# has projected the overall cost of the space 


station to be $38.3 billion to build, and about 


| twice that much more to operate into the 
4 21st century. Although in the past members 


of Congress have grumbled, asked pointed 
questions, or criticized the wisdom of 
megaprojects in the U.S. space program, 
until now no group has outright eliminated 
the funding for a core project. 

Ironically, the reinstatement of the $1.8 
billion funding for the permanently manned 
space station has alarmed the space science 
community because of its interest in un- 
manned probes. Nearly half the reinstated 
money ($888 million) came out of budgets 
for a variety of unmanned projects for space 
science and applications, physics and as- 
tronomy, planetary exploration, aeronautical 
research and technology, and academic 
programs—repeating a pattern that has ran- 
kled the unmanned-project investigators 
since the earliest days of the space shuttle. 

All this ambivalence has given the U.S. 
space program ‘‘an image problem,’’ said 
Jerry Grey, director of science and technol- 


‘The American public 
can no longer afford 
huge new projects 
with huge price tags’ 


ogy and policy of the American Institute of 
Aeronautics and Astronautics, headquar- 
tered in Washington, D.C. ‘‘The continual 
cycles of reevaluation, rescoping, and review 
have damaged the space program, because 
they give the impression that everyone is 
fluttering around and doesn’t know what to 
do,’’ Grey said. 

CHANGED WORLD. There are strong interna- 
tional pressures to continue with the space 
station—because it is not purely a U.S. pro- 
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gram. The threat to its survival in May an- 
gered Canada, Europe, and Japan, which 
have already invested about a quarter of the 
$8 billion dollars pledged to build laborato- 
ries and other hardware to attach to the 
space station. 

These pledges underscore the changes in 

the international space picture from the 
1960s, when the National Aeronautics and 
Space Administration (NASA) and the Soviet 
Union’s space program had the heavens to 
themselves. Now several dozen nations 
boast their own space programs and satel- 
lites [IEEE Spectrum, Europower issue, 
June 1990, ‘‘Aerospace and defense,’’ 
pp. 30-32; and Asiapower, June 1991, 
“Aerospace and defense,’’ pp. 38-41]. Five 
entities have their own launch vehicles: the 
People’s Republic of China, Europe, and 
Japan in addition to the United States and the 
USSR. All but Japan hire out launches; Eu- 
rope’s Arianespace company commands 
around 50 percent of the world’s commer- 
cial launch business. 
CHALLENGES AND TROUBLES. Meanwhile, 
there are domestic changes in the way the 
United States is pursuing space activities. 
NASA is not the only Government agency 
within the United States with a space 
program. 

Since 1982, the Department of Defense 
(DOD) has spent more on space technolo- 
gy, development, and operations than 
NASA; by 1990 the DOD’s annual budget for 
space was twice NASA's total budget. Ac- 
cording to a Presidential Directive of March 

1990, the United States’ Space Explo- 
ration Initiative is to be a joint effort of 
NASA, the DOD, and the Department 
of Energy. 

In addition, troubles have alloyed 
NASA's triumphs over the past five 
years. On the eve of Voyager 2’s tour- 
de-force flyby of the planet Uranus in 
January 1986, seven space shuttle as- 
tronauts were killed in the Challenger 
accident. Last year—10 months after 
Voyager flew past Neptune—the prima- 

ry mirror of the orbiting Hubble Space Tel- 
escope was discovered to have been shaped 
to the wrong figure. 

On a lesser scale, a series of hydrogen 
leaks in the fuel lines from the shuttle’s ex- 
ternal tank to the orbiter grounded the en- 
tire shuttle fleet for five months. On the ho- 
rizon are plans to launch the new weather 
satellite GOES-Next, in spite of design 
shortcomings. 

This special report examines the U.S. 






IEEE SPECTRUM AUGUST 1991 











program in three contexts: its position inter- 
nationally, its role domestically, and NASA's 
workings internally. 

Some of the principal questions that it ex- 
plores are: 
¢ What does it mean for NASA to be sim- 
ply a lead agency instead of the sole agency 


charged with implementing the U.S. space 
program? 

e Are the types of technical and manageri- 
al troubles NASA has recently experienced 
different in quality and kind from the trou- 
bles it had during the Apollo era? How are 
the various pressures to which it is being 


subjected affecting its internal ways of doing 
business? 

e Are there lessons from the experiences 
of other nations’ space programs and their 
ways of overseeing projects and doing busi- 
ness that could be useful to the U.S. space 
program, and vice versa? 








The U.S.Space Station Freedom has gone through many different de- 
signs over the years, sometimes to accommodate more experiments or 
functions, sometimes to reduce costs. Eleven of the major ones consid- 
ered by the U.S. National Aeronautics and Space Administration ap- 
pear here. The eight on the left were proposed in 1985: clockwise from 
top left, they were known as the racetrack, the gravity tower, the spin- 


Source: National Aeronautics and Space Administration 
ning array, the streamline T, the planar, the delta truss, the bedspring, 
and the axial ratial. By 1986, NASA had settled on one called the power 
tower. The next year, its preference changed to the dual keel design. The 
Phase I design that represents the latest selection is on the far night. 
The cost of the space station program from fiscal 1985 through fiscal 
1991 has been $5.7 billion. 


Design, estimated cost, and schedule changes for the U.S. portion of the space station 






WETS TT) 1985 1986 aE Tyg 
Configuration 


Number of laboratory 
modules 


Number of habitation 
modules 


Number of logistics 
modules 
Pressurized 
Unpressurized 


Number of U.S. crew 
members 


Power generation, kilowatts 
Total 
Allocation for users 


Number of satellites 
Polar orbiting 

Co-orbiting with the 
station 


Number of service facilities 
SS TEC 













































Schedule 












N.A. = not available. 


Since 1985, the U.S. portion of the space station has increased in cost 
and the number of shuttle flights needed for full assembly, while decreas- 
ing in size, in the amount of power allocated to users, and in the num- 
ber of service facilities. The National Aeronautics and Space Adminis- 
tration’s estimated costs exclude costs for ground facilities, personnel, 
shuttle flights, and operations, which in 1991 the General Accounting 
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8 early designs Dual keel Phase | Phase | 
as 


First launch 3/92 4/92 1/93 3/94 3/95 3/95 3/95 
Man-tended capability 10/92 4/93 1/94 3/95 3/96 11/95 6/96 


Permanently manned 1994 1994 1994 4/95 4/96 4/96 
capability 


Assembly completion 3/97 3/98 2/98 8/99 
Number of shutle Hight 










Fiscal year budget 
1988 1989 oer ah 





Source: General Accounting Office, Space Station: NASA;s Search for Design, Cost, and Schedule Stability Continues, 
Office estimated at US $19.8 billion. In fiscal 1987, when the number 
of modules decreased the total volume available to the U.S. station crew 
did not change dramatically. That same year, the space agency base- 
lined a standard crew size of eight, but two spaces could be used by in- 
ternational partners. In fiscal 1991, the polar orbiting satellite was trans- 
Jerred to the space science program. 
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THE US. IN SPACE: PART 2 


Other agencies, other goals 


President Bush called for 
a multiagency manned 
mission to Mars, but 
many question Apollo-scale 
goals in the 1990s 


n July 20, 1989, 20 years 
from the day that men first 
landed on the moon, U.S. 
President George Bush 
declared in a speech to the 
nation that U.S. efforts in 
space research and tech- 
nology would be ‘‘a long- 
range continuing commitment.’’ 

Bush outlined three missions “‘ . .for the 
1990s, Space Station Freedom, . . .for the 
next century, back to the Moon,...And 
then. ..a manned mission to Mars.’’ In a 
May 1990 speech, he set the year of 2019 
for the first landing of humans on Mars: “‘T 
believe that before Apollo celebrates the 
50th anniversary of its landing on the Moon, 
the American flag should be placed on 
Mars.’’ Together these three missions—the 
space station, the moon, and Mars—have 
come to be called the Space Explora- 
tion Initiative. 

Bush asked Vice President Dan 

Quayle to lead the newly constituted 
cabinet-level National Space Council to 
determine ‘‘the necessary money, 
manpower, and material’’ and ‘‘the 
feasibility of international cooperation’ 
and to ‘‘develop realistic timetables’’ 
for realizing the goals of the Space Explo- 
ration Initiative. 
‘NASA NOT A MONOPOLY.’ One of Bush’s con- 
cerns was the lack of much ‘‘high-level at- 
tention to space in the last 10-15 years,”’ 
said an Administration official close to the 
National Space Council, who spoke on con- 
dition of anonymity. 

Bush asked the Council to ensure a coher- 
ent national program in the civilian, nation- 
al security, and commercial sectors, one that 
reached over institutional boundaries, the 
official said. ‘‘There’s a lot of space exper- 
tise in this government—NASA [the National 
Aeronautics and Space Administration] 
doesn’t have a monopoly,’’ she observed. 

The first of a series of policy decisions for 
the long-term Space Exploration Initiative 
was announced on March 8, 1990. Written 
by the National Space Council and approved 
by Bush, it noted: ‘‘The program will require 
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the efforts of several agencies. NASA will 
be the principal implementing agency. The 
Department of Defense (DOD) and the 
Department of Energy (DOE) will also have 
major roles in the conduct of technology de- 
velopment and concept definition.’’ The Na- 
tional Space Council was to coordinate the 
strategy among the three agencies, and ‘‘the 
Department of Energy will be added as a for- 
mal member of the National Space 
Council.”’ 

FORMALIZES THE RELATIONSHIP. Interagency 
cooperation is hardly new. Indeed, the 1958 
National Aeronautics and Space Act, which 
founded NASA, stipulated in Section 102 (c) 
(8) that the nation should pursue its air and 
space goals by making ‘‘[t]he most effective 
utilization of the scientific and engineering 
resources of the United States, with close 
cooperation among all interested agencies of 
the United States in order to avoid unneces- 
sary duplication of effort, facilities, and 
equipment.”’ 

In the 1950s and 1960s, NASA teamed up 
with the old Atomic Energy Commission 
(subsequently the Department of Energy) 
to explore nuclear rockets and nuclear elec- 
tric propulsion technology for lengthy space 


voyages. 





NASA's earliest launch vehicles came from 
the DOD, and the space shuttle itself was 
designed and developed to meet Air Force 
requirements. Similarly, NASA and the Air 
Force have met periodically in a coordinat- 
ing body known as the Space Technology In- 
terdependency Group, which promotes joint 
R&D programs and fosters coordination be- 
tween technologists in the two agencies. 

Moreover, the long-standing SP-100 space 
nuclear reactor program has been a joint ef- 
fort among NASA, the DOD, and the DOE. 

The 1990 Presidential directive, howev- 
er, ‘‘formalizes that relationship and makes 
the DOE an official player in the space busi- 
ness,’’ said Fenton Carey, special assistant 
for space to Energy Secretary James D. 
Watkins. 

Carey’s charter is to create an office of 
space for the DOE ‘‘by October 1 or so’ 
with 20-30 people responsible for policy, 
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long-range planning, budgeting, and techni- 
cal oversight of existing and emerging pro- 
grams, he said. 

Both the DOD and the DOE have built up 
expertise in space-related technologies in 
which NASA has not maintained leadership, 
said Stewart Nozette, a technical evaluator 
for the Synthesis Group. The group, led by 
Lieutenant General Thomas Stafford (U.S. 
Air Force, Retired), was appointed by 
Quayle and NASA to assess alternative ap- 
proaches for implementing the Space Explo- 
ration Initiative. Its report, America At The 
Threshold, was presented to Quayle and to 
the U.S. public in June. 

For example, the Synthesis Group’s re- 
port stated, the DOE has explored nuclear 
power and propulsion, solar cells, fuel cells, 
advanced batteries, new materials, manufac- 
turing, computing, the medical effects of 
radiation, and the processing of natural 
resources ‘‘from dirt into finished 
products,’’ Nozette said. Similarly, the DOD 
has dealt with automated systems requiring 
less in the way of real-time mission control. 

How the multiagency national space effort 
would work on a day-to-day basis has yet to 
be defined. The Synthesis Group’s report 
recommended that a National Program Of- 
fice be established by Executive Order, 
to ‘‘clearly enumerate staffing, budg- 
eting and reporting relationships and 
responsibilities’’ of NASA, the DOD, 
and the DOE. 

For its part, the DOE sees itself ‘‘in 

a supporting role, not a true operational 
role like NASA or the DOD,”’ said the 
DOE’s Carey. ‘‘If energy is to be used 
off the earth, we [the DOE] should be in- 
volved, but we’re not here to build an 
empire.”’ 
APOLLO NO GUIDE. On the face of it, Bush’s 
clarion call for the Space Exploration Initia- 
tive echoes that of President John F. Kenne- 
dy, who on May 25, 1961, committed the 
United States to ‘‘achieving the goal before 
this decade is out of landing a man on the 
Moon and returning him safely to the 
Earth.”’ 

But the United States has not been gal- 
vanized to another Apollo-scale space race. 
On the contrary, the reaction has been 
‘““tepid,’’ according to U.S. Congressman 
Bill Green, a New York Democrat and rank- 
ing minority member of the House Ap- 
propriations subcommittee that voted in 
May to kill funds for the space station 
Freedom. 





(Continued on p. 45) 
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flood of new products and services. 
Not only is this bonanza expected 
to benefit electrical and electronics 
engineers in their capacity as users, 
but it is also generating new oppor- 
tunities for them in the way of mar- 
kets and jobs. The signs are that the 
worldwide markets for text, data, and image communi- 
cations—all employing new forms of packet-switching 
technology—will increase dramatically in the next few 
years, predicts Insight Research Corp., Parsippany, N.u., 
a market research firm specializing in the tele- 





communications industry. More specifically, text and data | 
communications will grow from US $36 billion in 1990 | 


to $94 billion in 1994; image, from $22 billion to $74 
billion over the same period, according to the firm. 

That data communications needs are growing is evi- 
dent from the demands of design engineers. Imagine 
this scenario: a group of 10 engineers at work on a 
20 000-transistor application-specific integrated circuit 
(ASIC) would like to share, in real time, the circuit de- 
sign and simulation files with 10 other colleagues in dis- 
parate locations. The transmission capacity needed for 
this task will become affordable as efforts in the design, 
standardization, and specification of gigabit-per-second 
networks progress. 

Meanwhile, high-speed local-area networks (LANs) in 
the 50-150-megabit-per-second range are becoming 
available; they comply with the fiber-distributed data in- 


terface (FDDI) and distributed queue dual bus (DQDB) | 
standards [‘‘High-speed local-area networks,” p. 26]. | 
As LANs proliferate, the need for interconnecting them | 


into such larger entities as metropolitan-area networks 


and the even larger wide-area networks (MANs and | 


WANs) becomes apparent. Here there are a number of 
tradeoffs, and the options for interconnecting LANs run 
from bridges to routers and gateways [‘‘Interconnect- 
ing LANs,” p. 32]. 


surge in data communications sys- | 
tem capabilities is finding vent ina | 





| 
| 





What about multimedia transmission—video, text, and | 


graphics? It will soon be upon us. Specifications for this 
capability are being developed by the International Tele- 
graph and Telephone Consultative Committee (CCITT) 
in its recommendations for broadband integrated-ser- 
vices digital network (B-ISDN). Simultaneously the CCITT 
is refining its recommendations for synchronous digi- 
tal hierarchy (SDH), which is expected to become part 
of the B-ISDN infrastructure and has evolved from Bell 
Communications Research Corp.’s synchronous opti- 
cal network, or Sonet, concept [‘B-ISDN and how it 
works,” p. 39]. 

Representative high-speed LANs and systems for in- 
terconnecting LANs are tabulated, as well as prototype 
and developmental B-ISDN switches and Sonet- 
compatible integrated circuits. The tables were devel- 


oped by /EEE Spectrum staff in consultation with the | 


authors and an advisory board of experts in the fields 
addressed in the report. 

Because the subject of data communications is highly 
specialized, many readers would do well to acquaint 
themselves with the main terms [‘‘Defining terms,” p. 24] 
before reading the feature articles. 

References for further reading and research are cited 
(‘To probe further,” p. 43], and, last, but not least, an 
editorial index for table entries, as well as an advertisers 
index, may help those making inquiries about the 
products [Index, p. 44]. 





Gadi Kaplan Senior Technical Editor 
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Defining terms 


Access line: the portion of a leased line that per- 
manently connects the user with the serving cen- 
tral office or wire center. 

Accunet: data-oriented digital services from AT&T 
Co. 

ACK: control code or designation for a positive ac- 
knowledgment of a received transmission. 
Alternate routing: a transmission completed over 
a Circuit route other than the preferred but unavail- 
able route. 

API: application program interface, software that can 
be referenced by an application program to access 
underlying network services. 

Application layer: a logical entity of the OSI model; 
the topmost of the structure’s seven layers and the 
one that interfaces to the network user. 

Ardis: advanced radio data information service, a 
wireless network service of Motorola Inc. and IBM 
Corp. 

ANSI: American National Standards Institute. 
ASCII: American National Standard Code for Infor- 
mation Interchange. 

Asynchronous: in data communications, transmis- 
sion that is not related to a specific frequency or 
timing; also, start/stop transmission, characterized 
by bytes encapsulated with start and stop bits. 
ATM: asynchronous transfer mode; a type of pack- 
et switching that transmits fixed-length units of data. 
It is asynchronous in that the recurrence of cells 
does not depend on the bit rate of the transmission 
system—only on the source requirements. 

ATM cell delineation: a means of determining the 
cell's boundaries in a continuous flow of bits. 
ATM cross-connect: a switch that employs only 
one of two control fields to identify cells belonging 
to a channel; it uses the virtual path identifier, not 
the virtual channel identifier. 

Backbone: a network designed to interconnect 
lower-speed channels. 

BeliCore: Bell Communications Research; estab- 
lished by the AT&I divestiture, it represents and is 
funded by the regional Bell holding companies. 
B-ISDN: broadband integrated-services digital 
network. 

Bridge: a device that interconnects LANs using the 
bottom two OSI layers. 

Broadband: supporting a wide range of frequencies. 
Bus: a local-area network topology where all inter- 
connected computers are aware of all transmissions, 
but each computer receives only those transmis- 
sions addressed to it. 

CBDS: connectionless broadband data service, the 
definition of which is emerging from the European 
Telecommunications Standards Institute; expected 
to be equivalent to and compatible with SMDS. 
CCITT: International Telegraph and Telephone Con- 
sultative Committee. 

Cell: a fixed-length unit of data. 

Cell relay: a packet transmission technology based 
on IEEE 802.6 for MANs and on ATM for WANs. 
Circuit switching: a way to establish a transmis- 
sion path between two points whereby a fixed ca- 
pacity is dedicated to a call until the call is com- 
pleted. 

CLS: connectionless server. 

CMIP: common management information protocol, 
an ISO network management protocol. 





Connectionless convergence protocol: a set of 
rules emerging from the CCITT that govern one as- 
pect of ATM transmission; likely to correspond to 
a portion of SMDS. 

Connectionless mode transfer: in a packet- 
switched network, the individual transfer of each data 
packet, independent of those that precede or fol- 
low it; the notion of an end-to-end connection does 
not exist. 

Connection-oriented: said of a packet-switched 
network through which a path is established and 
maintained for the duration of a call, even though 
physical resources of the path are still packet 
switched among many users. 

CSMAICD: carrier-sense multiple access with col- 
lision detection, a LAN access method. 
Datagram: a finite-length packet with sufficient in- 
formation to be routed from source to destination 
independently of previous transmissions. 

DDP: distributed data processing, a network of geo- 
graphically dispersed, logically interconnected pro- 
cessors that share common resources. 

DDS: Dataphone Digital Service, a carrier offering 
that uses 2.4-56 kbis. 

DECnet: Digital Equipment Corp.'s proprietary net- 
work architecture. 

DIS: draft international standard, an ISO standards 
document that has been registered and numbered 
but not yet given final approval. 

DQDB: distributed queue dual bus, the best-known 
implementation of a reservation-strategy MAN, in 
which each station on a 150-Mbis twin bus records 
and maintains reservations in a local queue. 
EMA: Enterprise Management Architecture, a DEC 
architecture. 

EMS: element management system, part of AT&I’s 
UNMA. 

ETSI: the European Telecommunications Standards 
Institute. 

FCFS: first come, first served, descriptive of the order 
of packet transmissions—as contrasted with round 
robin—in multiple access to linear-bus LANs, where 
stations may place reservations in a separate logi- 
cal channel. 

FDDI: fiber-distributed data interface, ANSI’s ar- 
chitecture for a MAN; a network based on the use 
of optical-fiber cable to transmit data at 100 Mbis. 
FDDI-H: a variant of FDDI that supports isochronous 
traffic. 

Flow control: the ability of some network nodes 
to manage different data rates by means of buffer- 
ing schemes or by reducing the data flow from a 
sending station. 

Frame relay: an upgrade of X.25 packet switching. 
FT1: fractional 11, a common-carrier transmission 
offering in multiples of 64 kKbis. 

FTAM: file transfer, access, and management, an 
ISO protocol. 

Gateway: a device that interconnects dissimilar 
LANs that employ different high-level protocols. 
HDLC: high-level data link control, a CCITT-specified 
bit-oriented protocol. 

HIPPI: high-performance parallel interface, a pro- 
posed gigabit-per-second interface to supercomputer 
networks (formerly known as high-speed channel), 
under evaluation by an American National Standards 
committee (ANSI X379.3). HiPPI is based on the use 


of parallel copper wires as connections. 

INMS: integrated network management system, part 
of AT&I’s UNMA. 

Internet: a network that interconnects two or more 
other networks, 

IPX: internetwork packet exchange, Novell Inc.’s 
operating system. 

ISDN: integrated-services digital network, a CCITT- 
defined digital network. 

ISO: International Organization for Standardization. 
Isochronous: equally timed; in data communica- 
tions, timing information is transmitted on the chan- 
nel along with data—sending asynchronous data by 
synchronous means; the method involves syn- 
chronously sending the asynchronous characters 
between each pair of start and stop bits. 

LAN: local-area network, typically a high-speed net- 
work (usually in the megabit-per-second range) 
wherein all segments of the transmission are situ- 
ated in an office, building, or campus environment; 
ownership is by the user organization. 

LAPB: link access procedure-balanced, descriptive 
of a CClTT-specified data link level protocol. 
LATA: local access and transport area, a local tele- 
phone company serving area. 

LLC: logical link control, the IEEE 802-defined third 
layer of its LAN reference model. 

MAN: metropolitan-area network, a ‘‘stretched” LAN 
providing data communications over a distance of 
about 50 km, generally associated with the IEEE 
802.6 MAN standard. 

MSN: Manhattan street network, a mesh architec: 
ture using wavelength-division multiplexing. 
Network architecture: the conceptual description 
of the way communication is accomplished between 
data-processing gear at disparate sites; it also speci- 
fies the processors and terminals, protocols, and 
software that must be used. 

N-ISDN: narrowband integrated-services digital 
network. 

Node: termination point for two or more commu- 
nications links. 

OCC: other common carrier, a carrier other than 
AT&l Co. and its former affiliates. 

Optical tiber: any filament or fiber made of dielec- 
tric materials and consisting of a core (to carry, for 
example, laser-generated light signals) and a sur- 
rounding cladding, which reflects the signal back 
into the core. Thin threads of glass are most com- 
monly used, but plastic fiber is sometimes chosen 
for its flexibility, 

OSI: open systems interconnection; ISO’s reference 
model for enabling multivendor systems to intercom- 
municate. 

OSPF: open shortest path first, a newly proposed 
routing standard. 

Packet: a unit of data, consisting of binary digits 
including data and call-control signals, that is 
switched and transmitted as a composite whole. 
Packet switching: a data-transmission technique 
whereby physical resources on a path are switched 
on a per-packet basis, using control information in 
the header of each packet; it can operate in either 
connection-oriented or connectionless mode. 
Passive optical network: an emerging technique 
in the public network for multiplexing many individual 
local loops on a single optical fiber cable. 
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Payload type: indicator in the header of an ATM 
cell that makes it possible to identify the type of in- 
formation conveyed in the payload of a cell. 
PBX: private branch exchange, a circuit-establishing 
telecommunications switch. 

PDU: protocol data unit, an ISO term referring to 
a packet of information exchanged between two 
network-layer entities. 

PCN: personal communication network, an envi- 
sioned combination of MANs and wireless networks. 
Plesiochronous: in multiplexing, a method used 
when not all the data flows have the same bit rates 
and are adjusted by inserting or deleting bits. 
Private network: one established and operated by 
a private organization or corporation. 

Protocol: a set of procedures required to establish, 
maintain, and control communications; it can exist 
on many levels within a network. 

Public network: a network operated by a common 
carrier or telecommunications authority to provide 
transmission services to the public. 

RBHCs: regional Bell holding companies, AT&I’s 
former affiliates. 

Ring: in local-area networks, a configuration of com- 
puting devices whereby all are interconnected in a 
ring topology; communications between any two 
points must include the intermediate points. 
RIP: routing information protocol, a router algorithm. 
Router: in local-area networks, a device that em- 
ploys the bottom three OSI layers to interconnect 
dissimilar networks. 






ry 


Taequk's a philosophical concept that explains the 
essence of the world and embodies the idea that 
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wr all creation comes about aS @ result of the exchange 
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and harmony of positive and negative cosmic forces 


Considered harmonious coexistence to be the most 


of great importance not only in human relationships 


through mutual exchange. 


neighborly concern 


in Korea 


We will do our best to create more advanced 


flexible spirit 
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ur best to succeed — 


Embracing Taeguk since ancient times, Koreans have 
important aspect of human life. We believe harmony to be 


but in the relationship between man and nature as well 


It has been over 100 years since Korean telecommunications 
began with the initiation of telegraph service between 

Seoul and Inchon. That pioneering spirit and business 
acumen carries on today as Korea Telecom works for harmony 


We have worked with pride. to become an intermediary for 
harmony by acknowledging mutual emotions and by renewing 


Now Korea Telecom wishes to take a role in the development 
of the international information communications sector 
as the first all-encompassing telecommunications company 


telecommunications technology and will exert every effort 

to assume this role of intermediary, seeking human harmony 
through a mutual exchange and merging of Western rational 
and practical technology and the Oriental adaptable and 


Korea Telecom 


SDH: synchronous digital hierarchy; in SDH net- 
works multiplexing is done on a synchronous basis. 
See also Sonet. 

Server: a processor that supplies a network with 
a specified service, such as a routing function. 
Single-mode optical fiber: a fiber designed to 
propagate light of only a single wavelength. 
SMDS: switched multimegabit data service, a 
BellCore-developed standard for the public carriers. 
SNA: systems network architecture, IBM's reference 
model. 

SNMP: simple network management protocol; used 
to manage and monitor networks based on TCP/IP. 
Sonet: synchronous optical network; describes a 
set of common characteristics for optical transmis- 
sion of digital signals; a BellCore-proposed protocol 
for fiber networks. 

SRP: source routing protocol, an IBM routing 
specification. 

Star: in local-area networks, a configuration of com- 
puting devices in which each user is connected by 
communication links radiating out of a central hub 
that handles all communications. 

Station: an input or output point of a communica- 
tions system. 

STP: spanning tree protocol, an IEEE 802.1 rout- 
ing specification. 

Synchronous: having a constant time interval be- 
tween successive bits or characters; using no redun- 
dant information, such as start and stop bits, to iden- 
tify the beginning and the ending of the unit of 
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data—to be contrasted with asynchronous. 

Th: 1.544 Mbis. 

T3: 44.736 Mbis (commonly called 45 Mbis). 
TCP/IP: transmission control protocol/internet pro- 
tocol, an internetworking standard originated by the 
U.S. Department of Defense. 

Topology: the logical and/or physical arrangement 
(in, say, a star or ring) of stations on a network. 
Unix: an Al&-originated operating system. 
UNMA: unified network management architecture, 
AT&l’s network management scheme. 

WAN: wide-area network, a network that links data- 
processing and telecommunications equipment over 
a larger geographic area than a single work site or 
a metropolitan area: it typically links cities and is 
usually based on X.25 packet switching. It may be 
implemented by a private corporation or by a pub- 
lic telecommunications operator. 
Wavelength-division multiplexing (WDM): an 
optical-fiber transmission technique that uses differ- 
ent light wavelengths to send data; the technology 
of choice for ultragigabit LANs (data rates into the 
terabit-per-second range). 

X series: a group of CCITT recommendations that 
pertain to data networks. 

X.25: CCITT recommendation that specifies how 
user data terminal equipment should interface with 
data circuit-terminating equipment for packet: 
switched networks. 

X.25 packet switching: networking that uses the 
CCITT protocol recommendation X.25. 
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High-speed local-area networks 


Fiber-distributed data 
interface (FDDI) and 
distributed queue dual bus 
(DQDB) are typical for the 
50-150-Mbé& range 


7 | The push of advancing 

technology and the pull of 
new, more-demanding user 
applications are stimulating 
the development of local- 
area networks (LANs) that 
operate at speeds much 
higher than those of just a 
few years ago. High-speed LANs in the 100- 
megabit-per-second range are now commer- 
cially available, and prototypes operating at 
speeds of 1 gigabit per second are being 
tested. 

Though LANs may be classified accord- 
ing to their topology, access protocol, and 
transmission medium, for present purposes 
the data rate is the most appropriate criteri- 
on. Along these lines, the four 
main classes of LANs are: 

e Low- and medium-speed 
LANs—with data rates up to 10- 
20 Mb/s. This class includes the 
vast majority of conventional 
LANs such as copper-wire-based 
Ethernet and token ring, as well 
as the more recently introduced 
wireless LANs. 

e High-speed LANs—with data 
rates ranging from 50 to 150 Mb/s. 
Typical entries are the fiber- 
distributed data interface (FDDD 
and the distributed queue dual bus 
(DQDB). The most common 
medium is optical fiber. 

e Supercomputer LANs—with 
data rates of about 800 Mb/s. 
Typical entries are UltraNet and 
CP* (CP stands for crossbar pro- 
cessor). Because of the limited 
geographical range of these net- 
works, copper cable (32 or 64 par- 
allel connections) is the most com- 
mon transmission medium. 

° Ultragigabit LANs—with data 
rates into the terabit-per-second 
range. Although no commercial 
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‘Station 1 


perimental prototypes are being developed 
(one is AT&T Co.’s multihop network). The 
medium is the single-mode fiber. The tech- 
nology of choice is wavelength-division mul- 
tiplexing (WDM). 

Worth a look, even in a high-speed con- 
text, are the recently introduced low- and 
medium-speed wireless LANs. Their big- 
gest plus is that they need no recabling every 
time the network is reconfigured. But they 
offer other advantages as well—the ease of 
moving workstations (some of which may 
even be portable) and the ready ability to 
connect to a metropolitan personal commu- 
nications network. Although wireless LANs 
do not operate at high speeds, they may be 
interconnected via high-speed backbone 
networks. 

Two different techniques can be used for 
wireless short-range voice and data commu- 
nications: radio and infrared. Radio tends to 
yield higher data rates, but incurs higher 
costs and is more susceptible to interfer- 
ence. Infrared is more limited in bandwidth 
(because of multipath dispersion) and in 
coverage (because of line-of-sight obstruc- 
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offerings yet exist, several ex- /1/ A dual, counter-rotating ring topology for connecting stations FDDI’s multitoken protocol ena- 
—_—_______________ achieves fault tolerance to link failures in the network. Using multi- bles several stations at a time to 
: ple tokens removes the potential inefficiencies of the single-token pro- maintain outstanding frames on 
Joseph A. Bannister Aerospace Corp. tocol that is specified in IEEE 802.5. 
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tions). It is, however, a less expensive tech- 
nology; furthermore, infrared does not re- 
quire licensing, as does radio in many cases. 

The greatest promise of a wireless LAN 

is its potential for connecting with future 
wide-area wireless networks. In fact, be- 
sides voice cellular radio networks, several 
wireless networks are now emerging to offer 
data services over wide geographical areas, 
such as Motorola Inc.’s and IBM Corp.’s 
Ardis (for advanced radio data information 
service). 
HIGH-SPEED LANs. The metropolitan-area 
network (MAN) emerged in the mid-1980s 
when the proliferation of LANs led to the 
need for new networks that could intercon- 
nect others and carry aggregate traffic sever- 
al orders of magnitude higher than that of 
an individual LAN. For such networks, it was 
necessary to employ interconnection speeds 
of 100 Mb/s, geographical-area coverage of 
up to 10 km, and network capabilities that 
would support hundreds of stations. 

The physical means to this end was opti- 
cal fiber. Advances in lightwave technol- 
ogy—specifically, fiber optics—enabled the 
fabrication of relatively low-cost, 
low-attenuation fibers and high- 
quality optical transmitters, detec- 
tors, and passive components. All 
this enabled a high-speed back- 
bone network to link LANs across 
metropolitan regions, creating a 
new version of ‘‘stretched’’ LAN, 
or the MAN, which has many 
characteristics in common with 
the LAN. 

The applications and services 
that emerged for the MAN ar- 
chitecture covered voice, video, 
and imaging areas. For example, 
in a campus environment, video 
lectures were distributed and 
videoconferencing was supported; 
in a hospital, the radiologist was 
able to retrieve X-rays from an 
image database. 

MULTITOKEN PROTOCOL. One kind 
of MAN starts from first-genera- 
tion LAN architectures (specifical- 
ly, the IEEE standard 802.5 token 
ring), replaces the copper-based 
cable with single-mode or multi- 
mode fiber, and then implements 
FDDI, a 100-Mb/s dual ring. 








the ring and permits operation up 
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to 200 km in distance [Fig. 1]. 

A variant of FDDI, called FDDI-II, sup- 
ports isochronous—or equally timed— 
traffic. Isochronous transmission is a meth- 
od for sending both synchronous and asyn- 
chronous data by synchronous means; it in- 
volves multiplexing the synchronous and 
asynchronous data in synchronous frames. 

In FDDI and FDDI-II, each frame is re- 

moved by the originating station after a full 
rotation around the ring. Efficiency can be 
improved (by as much as four times, on aver- 
age) if the destination removes the frame. 
A recently proposed buffer-insertion ring, 
the Meta Ring, does in fact offer such des- 
tination removal, thus upgrading the FDDI 
speed to 800 Mb/s. 
LINEAR BUSES. Since the pioneering Ether- 
net and token bus protocols do not scale up 
to high speeds, a new access protocol, called 
implicit token (or ordered access), has been 
introduced. 

The implicit token basically is a burst of 
carrier issued by a designated end station. 
As backlogged stations append their frames 
in sequence after the token, a ‘“‘train’’ is 
formed. Once a cycle is completed, the end 
station starts the next cycle. No token pro- 
cessing is required. Attenuation problems 
can be corrected by regenerating and am- 
plifying the signal at each interface. 

Several implicit-token fiber-bus architec- 
tures were proposed and researched in the 
1980s, including ExpressNet, U-Net, Fas- 
Net, MetroCore, Magnet, and LION. One 
proposed improvement to implicit token is 
Buzznet, a hybrid protocol featuring 
random-access mode under light load and 
token mode with a heavy load. 

An alternative approach to multiple access 

to a linear bus is reservation. For this form 
of access, stations place reservations in a 
separate logical channel. The order of packet 
transmissions is first come, first served, as 
opposed to the round robin order in token 
schemes. 
TWIN BUS. The best-known implementation 
of a reservation strategy is DQDB, a 150- 
Mb/s twin bus in which each station records 
and maintains the reservations in a local 
queue [Fig. 2]. 

The strong points of DQDB are simplici- 

ty and extreme efficiency of the distributed 
reservation mechanism. Reservations are 
piggybacked onto data packets, thus avoid- 
ing cycle latency and providing channel ef- 
ficiency close to unity when operating with 
a single sending station. The strategy has 
won rapid and broad acceptance and been 
chosen as the MAN standard by the IEEE 
802.6 Committee. 
SUPERCOMPUTER LANs. Proposed as a high- 
speed interface for supercomputer networks 
is HiPPI (high-performance parallel inter- 
face), which is based on the use of parallel 
copper wires. HiPPI is now being evaluat- 
ed by an American National Standards In- 
stitute committee (ANSI X3T9.3). 

If supercomputers share a network—the 
proposed supercomputer LAN—they can 
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reduce the communications costs and in- 
crease the flexibility of interconnecting high- 
definition graphics workstations and super- 
computers for scientific visualization appli- 
cations. They could be used, for example, 
in the imaging of physical phenomena, such 
as the dynamic fluid turbulence of a jet en- 
gine. Other proposed applications are 
memory-to-memory transfer and load shar- 
ing among the supercomputers. 
LAN LIMITS TODAY. To get back to lightwave 
LANs, the current types use simple point- 
to-point topologies that limit the designer’s 
flexibility and make the implementation of 
multichannel networks problematic. But 
with effective use of optical couplers and 
broadband optical amplifiers, LANs and 
MANs can be designed with non-point-to- 
point topologies, such as trees and stars. 
A tree topology, for instance, can distrib- 
ute optical signals to more than 1000 stations 
over a wide geographical area, using only 
passive optical couplers and optical amplifi- 
cation at the root of the tree. The commer- 
cialization of a broadband optical amplifier 
would be necessary, however, before tree- 
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sive laboratory experimentation. 

To date, the best-known mesh architec- 
ture is the Manhattan street network 
(MSN), which is organized as a square grid. 
To avoid store-and-forward buffering, the 
relatively simple routing scheme called 
deflection routing is implemented at the 
nodes (or, the grid crosspoints). In a grid, 
each node is assigned exactly two inputs and 
two outputs. 

If both inputs are competing for the same 
output, one packet is sent to the correct out- 
put; the other, to the ‘‘wrong’’ output, and 
then forced to take an around-the-block de- 
tour. This feature, albeit somewhat waste- 
ful in throughput, avoids nodal buffering, 
thus reducing station costs. 

In MSN’s favor are the good metropoli- 
tan coverage, the simplicity of the protocols 
and nodal implementations, and the poten- 
tially unlimited throughput offered by a to- 
pology with multiple concurrently available 
paths. The drawback of MSN, however, is 
the inefficiency of its broadcast and 
isochronous traffic support. 

The WDM network architecture is an at- 
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[2] Although called a bus, the distributed queue dual bus’s (DQDB’s) topology is physically 
a dual loop that permits the local-area network to recover when a segment (link) between nodes 
fails. To provide support for isochronous traffic, DQDB uses fixed-length packets that fit within 





a given time slot. 


like multichannel networks become a reality. 

Today’s high-speed LANs such as FDDI 
and DQDB already employ transmission 
over multimode optical fibers based on di- 
rect detection and light-emitting diodes 
(LEDs). Using LEDs to transmit over 
single-mode optical fibers, networks can 
reach speeds in the 1-Gb/s range. Research 
proposals for future LANs and MANs are 
often premised on the emergence of 
wavelength-division multiplexing (WDM) as 
a means of funneling gigabit-per-second 
transmissions onto terabit-per-second fiber 
networks. 

More advanced research proposals might 
even combine WDM with all-optical trans- 
mission, where optical signals are switched 
by purely photonic means. This method 
eliminates undesirable and time-consuming 
electro-optical conversions within the 
network. 

All-optical networks could be construct- 
ed as an arbitrary mesh using linear com- 
biners/dividers or wavelength-selective 
switches. Though not currently available, 
these optical devices are undergoing exten- 





tempt to combine the path concurrency of 
the MSN and the broadcast and isochronous 
support features of more conventional 
MANs. But progress in lightwave transmis- 
sion is not now feasible without further pro- 
gress in digital electronics. 

Today’s high-speed data transmission re- 
lies on fast electronics that can provide serial 
data to a transmitter at network rates. And 
for the immediate future, hybrid (optical and 
electronic) networks and user devices will 
remain dependent on digital speeds. 

But, since the bandwidth of a single-mode 
optical fiber is in the terabit-per-second 
range, clearly WDM will have to be used to 
allow a serial electronic interface to tap into 
this enormous bandwidth. To transmit at 
gigabit-per-second speeds, electronic tran- 
sceivers must be clocked at gigahertz rates, 
which will apparently require the use of high- 
performance integrated circuitry such as 
GaAs or emitter-coupled logic (ECL). 
ULTRAGIGABIT NETWORKS. Traffic projections 
for the mid-1990s envision an overall net- 
work capacity of hundreds of gigabits per 
second. The common solution to achieving 
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this speed is a multilayer architecture. This 
would include a backbone loop at the top of 
the hierarchy, and several layers of distribu- 
tion loops. Access would be best achieved 
with WDM. 

Neither FDDI nor DQDB architecture is 
well suited to exploit WDM. Because WDM 
permits multiple channels in a fiber, it can, 
in principle, expand the effective data rate 
of a single fiber from the gigabit- to the 
terabit-per-second range. But to implement 
WDM, an FDDI- or DQDB-network would 
require a splitter, a filter, and a combiner at 
each interface, plus a wideband amplifier to 
make up for power loss—a very expensive 
proposition. 

Another weak point of the multilayer con- 
figuration is the bridge that connects the lay- 
ers..Its practical throughput limit is proba- 
bly about 100 kilopackets per second—and 
state-of-the art bridges today can forward, 
at most, 20 kilopackets per second. Further- 
more, it would be difficult to satisfy the tight 
delay constraints of voice and video connec- 
tions across several bridges. 
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Only an all-optical WDM network will suf- 
fice to achieve ultragigabit speeds—one to- 
tally ‘‘transparent’’ to WDM, free of any 
processing components. This has led to the 
development of a new generation of LANs 
and MANs, based on passive optical com- 
ponents and WDM techniques. The key 
components of a WDM optical network are: 
e Passive optical elements, including cou- 
plers, splitters, and combiners. 

e Wavelength-division-multiplexing gear, 
namely tunable lasers, detectors, filters, and 
wavelength switches. 

e Network management, to control wave- 
length allocation and dynamically reconfigure 
the topologies according to traffic patterns 
and user demands. 

‘MASS OF GLASS.’ The most commonly 
reported WDM architecture consists of a 
passive optical broadcast medium (star, tree, 
or bus)—the so-called mass of glass—on 
which several wavelengths can be mul- 
tiplexed. Since the multiplexing and switch- 
ing is done at the periphery of the mass of 
glass, the primary challenge is how to apply 
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channel-access control. 

Some approaches propose mesh-type to- 
pologies combined with wavelength- 
sensitive optical switches; light paths can 
then be established in the same manner as 
connections in a conventional circuit- 
switched network. But the two main ap- 
proaches that have been proposed do some- 
thing different. The first leaves it to the 
transmitter and receiver to pick a time and 
wavelength that is appropriate for sending 
each packet. The second allots a few fre- 
quencies to each station and transmits the 
packets through the intervening nodes. 

The transmitter/receiver-based approach 
employs time-frequency division to define 
a network-wide, time-slotted reference 
frame. A source and destination pair must 
reserve a time slot in the frame for the trans- 
mission of each packet and must agree on 
the frequency (wavelength) each will use. 
This system can be quite efficient, but it in- 
volves not only extra overhead that is neces- 
sary to achieve source and destination coor- 
dination but also the additional cost (and 
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Teported WWM aTCnitecture CONSISIS OL 4 
passive optical broadcast medium (star, tree, 
or bus)—the so-called mass of glass—on 
which several wavelengths can be mul- 
tiplexed. Since the multiplexing and switch- 
ing is done at the periphery of the mass of 
glass, the primary challenge is how to apply 





reserve a Ume SIOt In tne Irame Ior the trans- 
mission of each packet and must agree on 
the frequency (wavelength) each will use. 
This system can be quite efficient, but it in- 
volves not only extra overhead that is neces- 
sary to achieve source and destination coor- 
dination but also the additional cost (and 
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Representative high-speed local-area networks (LANs)! (continued) 
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1. Year first available and total network-connection cost amortized per connected station, whose complexity can raise the cost. Key 
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(= 1/2 byte) encoded in a field of 5 bits. The 4B/5B scheme guarantees no more than three consecutive Os; otherwise, a 


retransmission will be required. 


wo 


opposite directions in the two rings. 


ONOOS 


technology risk) of quickly retunable trans- 
mitters and receivers. 

The second approach assigns maybe four 
fixed wavelengths to each user station (say, 
two for transmission and two for reception). 
Transmissions between any source and des- 
tination pair are accomplished by a multihop 
(store-and-forward) operation through the 
user stations. The store-and-forward pro- 
cessing requires additional peripheral 
electro-optical components. 

The multihop solution offers lower trans- 
mitter and receiver costs at each station and 
lower control overhead, but its broadcast 
and real-time traffic-support techniques are 
inefficient. In view of these limitations, hy- 
brid solutions that would combine the 
benefits of the two approaches are now 
under investigation. 

FUTURE ISSUES AND TRENDS. The intercon- 
nection of ultragigabit networks with high- 
and medium-speed LANs is still an open re- 
search area. As the planning and standardi- 
zation of wide-area broadband integrated- 
services digital networks (B-ISDNs) pro- 
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Refers to a topology that includes a backup (dual) bus or ring, maintained as a “‘hot’’ standby; in a dual ring, packets rotate in 


Lower prices for Ethernet port or bridge; top price for FDDI bridge interface. 

Refers to the three transmission modes: synchronous, asynchronous, and isochronous. 

Accepts restricted or unrestricted synchronous or asynchronous; transmits unrestricted asynchronous. 

Signals supported include Ethernet; token ring; IBM 3270, 5080, AS/400; T1; Wang; RS-232; RS-449, and LocalTalk. 
Controller includes 25-MHz 68030 1M- or 4M-bit dynamic RAM, SMT software, and 6U-size single-attach station. 


gress in study groups of the International 
Telegraph and Telephone Consultative Com- 
mittee (CCITT) [see ‘‘B-ISDN and how it 
works,’’ p. 39], the need emerges to find 
a way to interconnect high-speed LANs with 
the future gigabit-per-second wide-area 
networks. 

One challenge for network designers and 
engineers who aim to interconnect LANs is 
always speed mismatch, which may lead to 
congestion at the inter-LAN gateways. An- 
other is the design of gateways capable of 
switching hundreds of megabits per second. 

But the B-ISDN-to-LAN interconnection 
presents an entirely new challenge: the in- 
terfacing of the ‘‘connectionless’’ environ- 
ment, which is typical of LANs, with the 
connection-oriented environment of the 
asynchronous transfer mode (ATM), which 
is the standard transport protocol of net- 
works that conform to the CCITT’s current 
recommendations for B-ISDN. 

ABOUT THE AUTHORS. Mario Gerla (M) is a 
professor in the department of computer 
science at the University of California, Los 
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ANSI: American National Standards Institute. 

CSMA/CD: carrier-sense multiple access with collision detection. 
FDDI: fiber-distributed data interface. 

FM/FSK: frequency modulation/frequency-shift keying. 

HiPPI: high-performance parallel interface. 

HiPPI-FP: proposed ANSI HiPPI framing protocol. 


HP 21/24: proposed ANSI standard for a HiPPI integrated circuit set. 


N.A.: not available. 

SMT: station management software. 

SNMP: simple network management protocol. 
STP: spanning-tree protocol, 

TDM: time-division multiplexing. 
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A GUIDE TO DATA COMMUNICATIONS 


Interconnecting LANs 


Bridges, routers, and 
gateways tie together LANs 
spread over areas from a 
single building to a 
metropolitan area 


Local-area networks 
(LANs) can be linked with- 
in a highrise or across a 
“™ campus, a city, or even a 
3 country. One means of in- 
" terconnection is the 100- 
Mb/s fiber-distributed data 
\ interface (FDDI) specified 
by the American National Standards Insti- 
tute (ANSI); it is an ideal high-bandwidth 
backbone for interconnecting the LANs 
within a multistory building or housed in 
several buildings in a campus-like environ- 
ment. For buildings or campuses that require 
less bandwidth, planners may use an Ether- 
net or token ring LAN as the backbone. And 
truly far-flung LANs can be interconnected 
either by leased lines at various speeds 
(typically from 19.2 kb/s to 1.544 Mb/s) in 
a point-to-point or mesh topology or else by 
packet-switched subnetworks. 

Many products are now available for in- 
tegrating an enterprise’s LANs. The T1 mul- 
tiplexer is the simplest; then, in order of 
complexity, come bridges, routers, and gate- 
ways. By the time that numerous LANs are 
latching onto a backbone network, a whole 
new set of considerations comes into play— 
from network planning, transmission facili- 
ties, and switched services to security and 
network management. 

Ti MULTIPLEXERS. Even Tl (1.544-Mb/s) 
multiplexers, by employing speed-adaptation 
devices, can interconnect LANs into a wide- 
area network (WAN), provided all the LANs 
use layer 1 of the open systems interconnec- 
tion (OSI) reference model. (OSI is a stan- 
dard from the International Organization for 
Standardization; it divides into seven layers 
the functions involved in the interchange of 
information among very different end sys- 
tems, such as networks, computers, and 
workstations.) T1 multiplexers allow an en- 
terprise’s LAN and private-branch-exchange 
(PBX) subnetworks to share the same back- 
bone trunk facilities through the use of time- 
division multiplexing techniques. But if the 
LANs to be linked use different protocols 
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(such as token ring, Ethernet, or FDDD, 
then they need other LAN interconnect 
products—the bridges, routers, and 
gateways—to convert those protocols. 
BRIDGES. Bridges use the bottom two OSI 
layers (the physical and data link, including 
a LAN’s logical link control and media ac- 
cess control layers) to interconnect two 
LANs that usually have identical protocols 
at those two layers. This generally implies 
that the two LANs conform to at least one 
of these standards: IEEE 802.3, 802.4, 
802.5, or FDDI. Moreover, the OSI network 
layers 3-7 must be identical in the end sta- 
tions (PCs or host computers) for success- 
ful end-to-end communications [Fig. 1]. 

A bridge does not look at—is transparent 
to—higher-layer protocols; it is up to the end 
stations to translate received information. 
Therefore, the bridge is much simpler to de- 
sign than a router or gateway. 

A bridge relays packets between LANs by 
storing and forwarding them. The few 
bridges that interconnect dissimilar LANs 
perform the necessary protocol conversion 
on reformatted packets. 

A bridge that does not perform protocol 
conversion need modify neither the formats 
nor the contents of the packets it routes be- 
tween LANs, thanks to the networks’ iden- 
tical protocols. 

Some bridges require only a manual rout- 
ing table approach (also called fixed routing). 
But those with greater intelligence are capa- 
ble of acquiring a routing table and updating 
it through the automatic process of continu- 
ous learning. 

Both the IEEE 802.1 group and IBM 
Corp. have developed routing specifications. 
The IEEE’s specification is based on a 
spanning-tree protocol (STP). STP defines 
the way a routing table within each bridge 
can be dynamically changed to eliminate 
loops or avoid malfunctioning routes by tem- 
porarily deactivating certain paths. Loops are 
not allowed within a bridged network be- 
cause on a loop packets might circulate in- 
definitely or duplicate packets be received 
by the end stations. 

But eliminating loops, as STP does, by 
avoiding some links could be an uneconom- 
ic use of that expensive resource, leased 
lines. Furthermore, after a network failure, 
STP can introduce significant, 1-minute de- 
lays, due to the time required for building 
anew spanning-tree routing table. Thus, al- 
though STP may be adequate for internets 
consisting only of local bridges, it does not 
allow for the many alternative routes that 
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characterize the design of a true backbone 
network. 

IBM’s routing specification, the source 
routing protocol (SRP), allows each LAN 
station to append unique routing information 
to every packet. Each bridge complies with 
the path indicated for the packet. Original- 
ly the SRP was specified for internets with 
local single-port bridges; but some vendors 
have developed multiport routing bridges 
(also called brouters) that support the 
SRP technique. The number of brouters 
needed is fewer than the number of bridges. 

Multiport remote bridges based on the 

STP routing scheme are marketed by some 
non-IBM vendors for non-IBM token ring 
internets. To make things easier for the user, 
anew IEEE 802.1 specification, source rout- 
ing transport (SRT), attempts to merge both 
STP and SRP schemes for bridges. Here, 
a bridge would choose either the STP or 
SRP scheme by sensing a bit within the rout- 
ing information field. If the end station sets 
the bit to 0, the bridge chooses STP; if to 
1, then SRP. 
ROUTERS. Employing the bottom three OSI 
layers, routers interconnect LANs running 
identical internetwork protocols [Fig. 2, 
top]. (The LANs need not be alike in other 
respects.) Managing traffic congestion is the 
router’s big plus: it employs a flow control 
mechanism to direct traffic onto alternative, 
less congested paths. 

OSI layer 3, the network layer, is the pri- 
mary basis for router operation; this layer 
is generally called internet protocol (IP). The 
best-known IP, also called the DOD-IP, is 
a part of the TCP/IP suite (where TCP 
stands for transmission control protocol, and 
a suite is a unique set of standards or pro- 
tocols). ISO has issued an OSI-IP standard 
(ISO 8473) that improves on the DOD-IP. 

Within an enterprise-wide network, a 
router uses the protocol-sensitive informa- 
tion in a packet to determine how to route 
the packet. In a simple internet configura- 
tion, such as a star, each router maintains 
a static routing table. In a more complex con- 
figuration with several backbone subnet- 
works, well-designed routers maintain dy- 
namic routing tables that reflect changing 
patterns of network failures and congested 
paths. The dynamic updating is done by the 
router exchanging what are called address- 
resolution packets with other routers in the 
network. 

Packets may vary in size from one subnet- 
work to the next. For example, one common 
LAN, Ethernet, permits no packet longer 
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Station 1 Station 2 


bridge 


than 1500 bytes, while a typical X.25 net- 
work draws the line at 1000 bytes. That 
means a router may have to break up the 
packet into segments before transmitting the 
data to the next subnetwork. A router must 
also provide enough in the way of transla- 
tion to accommodate the many interface 
differences, both hardware and software, as- 
sociated with an internet’s subnetwork. 

To pick out the shortest path to a desti- 
nation node, a router employs an algorithm. 
This algorithm becomes quite intricate in a 
configuration complex enough to require dy- 
namic routing tables. Most routers, howev- 
er, use the routing information protocol 
(RIP) algorithm. RIP computes the distance 
between a router and a destination node in 
number-of-hops units, but it ignores other 
attributes such as the capacity of each link 
(in bits per second) and the actual length of 
each hop (in kilometers or miles). Conse- 
quently, the path chosen may not be the 
best. Use of RIP in routers also adds to over- 
head: each is required to send a copy of its 
routing table to every neighboring router 
about once every 30 seconds. Ina large con- 
figuration, consisting of links with capacities 
of 64 kb/s or lower, the additional traffic load 
may become too heavy. 

To alleviate this network overhead, a user 
can employ one of two methods. The first 
is to use fewer table updates; but this de- 
lays the router’s reaction to network failures 
or congestion. The second is to send copies 
of the routing table only when changes occur 
in the state of a link. A newly proposed stan- 
dard, called open shortest path first (OSPF), 
incorporates the second method, replacing 
RIP. OSPF also takes other link attributes, 
such as capacity and congestion, into account 
in choosing a route. Several vendors have 
already introduced products based on OSPF. 
With additional logic, and in case of link fail- 
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LAN 4 


[1] Bridges usually interconnect LANs with identical protocols for the physical and data ink 
layers (OSI layers 1 and 2 of the seven-layer stack). The bridge at left is called local because 
it interconnects two nearby LANs. With two LANs at some distance from each other, the in- 
terconnection is through two remote bridges and a leased line (top right); these remote bridges 
are sometimes called half-bridges or parts of a single remote bridge. Some multiport bridges 
can connect a LAN to two or more other LANs. When several bridges are employed to inter- 
connect many LANs, each bridge must have enough intelligence to route a packet to the desti- 
nation LAN via the shortest path (bottom nght). 


ure or congestion, a router can either drop 
packets or, better still, inform the source to 
slow down. 

GATEWAYS. With dissimilar LANs that employ 
different high-level protocols, such as 
TCP/IP, DECnet, and SNA (systems net- 
work architecture), a gateway translator ap- 
pears to be the system of choice [Fig. 2, bot- 
tom]. A gateway encompasses all seven OSI 
reference model layers. 

Although a gateway by and large costs 

more than a bridge or router, it can serve 
as a universal building block for an 
enterprise-wide network composed of a 
good many widely scattered and dissimilar 
LANs. Gateways are also an excellent way 
to migrate toward OSI. 
BACKBONES. The next step up is a backbone 
network for several LANs. They may be in- 
terfaced to, for example, a metropolitan-area 
network (MAN) by specially designed 
bridges and routers. MANs are based on 
standards like FDDI and IEEE 802.6. IEEE 
802.6 LAN-based products will allow in- 
tegration of voice, data, and video applica- 
tions and ultimately be able to span wider 
areas than FDDI products. 

Other products still only in early develop- 
ment are based on the fast packet and cell 
relay technologies. Both types will provide 
end-to-end switched delivery of packets of 
variable length. Fast packet switching mini- 
mizes the flow-control and error-checking 
overhead of traditional packet switching. 
Cell relay divides packets into short, fixed- 
length segments to provide for switching of 
combined voice, data, and video traffic. Cell 
relay operation for MANs or WANs can be 
based on IEEE 802.6 or on asynchronous 
transfer mode (ATM). These embryonic 
products will allow LAN internetworking to 
adopt an on-demand stance toward band- 
width—a feature they will share with prod- 





ucts based on the up-and-coming syn- 
chronous optical network (Sonet) carrier 
standard, which has a data rate of 155 Mb/s 
initially, 1.2 Gb/s later on [‘‘B-ISDN and how 
it works,’’ pp. 35-8]. 

NETWORK PLANNING. About 25 percent of 
existing LANs are interconnected. This im- 
plies a tremendous growth potential in LAN- 
WAN integration. When an enterprise de- 
cides to weave all its LANs into a WAN span- 
ning a metropolitan area or even an entire 
country, in-depth network planning becomes 
mandatory. After all, transmission facilities 
account for about 75 percent of the month- 
ly communications cost of a typical enter- 
prise’s network. Users should therefore tie 
their network planning in closely with their 
constantly updated databases as part of the 
network management and control effort. 
TRANSMISSION FACILITIES. Critical to LAN 
internetworking on this scale is the avail- 
ability of leased lines or virtual-circuit ser- 
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[2] Routers interconnect similar or dissimt- 
lar LANs running identical internetwork pro- 
tocols (top). A gateway is the system of choice 
for linking LANs that are unalike and em- 
ploy different protocols. Here (bottom in fig- 
ure), two end systems, one with a seven-layer 
OSI reference model and the other with a four- 
layer TCP/IP reference model, communicate 
through a gateway that translates each pro- 
tocol into the other. 
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Representative systems for interconnection of local-area networks (LANs) ' (continued) 
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Representative systems for interconnection of local-area networks (LANs) ' (continued) 
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1. Year product first available 

Key 

API: application programming interfaces 

Applefalk: protocol by Apple Computer. 

CMOT: common management information protocol over TCP/IP. 

DX: duplex signaling, a signaling system that shares a cable 
pair with a voice path and does not require a filter. 

EGP: exterior gateway protocol. 

FDDI: fiber-distributed data interface. 

HiPPI switch: high-performance, parallel interface switch. 


vices. A virtual circuit is provided by a 
public-switched-network carrier; without 
being an actually continuous, physical trans- 
mission path, it behaves like one, even to 
having such leased-line capabilities as con- 
ditioning and testing. 

Most common carriers offer point-to-point 
leased lines for use in designing a WAN. 
These offerings are varied: voice-grade ex- 
tends up to about 4 kHz analog; Dataphone 
Digital Service (DDS) ranges over 2.4-56 
kb/s; fractional Tl (FT1) comes in multiples 
of 64 kb/s, T1 is 1.544 Mb/s, and T3 is 44.736 
Mb/s. Some of these transmission services 
are—or will be—also available as switched 
services. 

SWITCHED SERVICES. The contenders here 
are three: DDS, frame relay, and switched 
multimegabit data service (SMDS). Sever- 
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RS-232, X25, ¥.35, Ti, 
E1, frame relay, SMDS, 
high-speed private-line 


RS-422, RS-423, v.35, 
9.6 kb/s-1.544 Mb/s or 
E1, 2.048 Mb/s 


Provides traffic statistics; optional director host 
attachment, channel extension, SNA support, 
and connections to 6.4- and 25.6-Gb/s HiPPI 
switch; T3 or multisynchronous V.35 ports 
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|PX: internetwork packet exchange (Novell) 

ISDN: integrated-services digital network. 

LAPB: link-access procedure, balanced. 

MAN: metropolitan-area network. 

N.A.: not applicable. 

NetBIOS: network basic input/output system (IBM). 
OSI: open systems interconnection. 

OSPF: open shortest path first. 

PPP: point-to-point protocol. 

RIP: routing information protocol. 


al carriers already have circuit-switched dig- 
ital data services at speeds up to T1. Some 
have also announced private virtual-circuit 
frame-relay services. In effect an upgrade 
of X.25 packet switching, frame relay has a 
somewhat different frame format and is 
faster—fewer error-checking procedures 
give it a speed of 56 kb/s, with an increase 
to Tl expected later. 

Trials of SMDS have also been announced 
by most regional Bell holding companies 
(RBHCs). The public packet-switched ser- 
vice offers connectionless (having no need 
of fixed or virtual paths) packet transport, 
presently at T1-T3 access speeds but with 
155 Mb/s promised. Unlike the FDDI MAN 
standard, SMDS has no distance constraints. 
(Bell Communications Research— 
BellCore—developed SMDS service and 





SDLC: synchronous data link control (IBM) 

SMDS: switched multimegabit data service 

SNA: systems network architecture (IBM) 

SNMP: simple network management protocol. 

SPX: sequence packet exchange (Novell). 

SRT: source route transparent. 

STP: spanning-tree protocol. 

TCP/IP: transmission control protocol/internet protocol. 
WAN: wide-area network. 

XNS: Xerox network systems 


equipment requirements for the public car- 
riers.) The protocol for accessing it is de- 
fined in the IEEE 802.6 MAN standard. 
SMDS will make broadband connections 
economical among widely scattered LANs. 
With its publicly available addressing 
scheme, SMDS will provide communica- 
tions both within and among enterprises. At 
first, the 1991 public offering will be confined 
to a local access and transport area (LATA) 
served by one of 161 local U.S. telephone 
companies. Soon after, carriers are expect- 
ed to offer SMDS for nationwide enterprise 
networks. (There is no equivalent of the 
LATA in Europe, where most telephone 
companies are government agencies.) 
Frame relay and SMDS both trim a net- 
work’s transmission costs: they eliminate 
many point-to-point circuits through band- 
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LAN INTERCONNECTION: WIDE-AREA DATA NETWORKS 


Interconnecting local-area networks (LANs) across 
wide areas can be done in one of three ways—with 
a packet-switched public data network (PSPDN), in- 
ternet services, or dedicated digital lines. 

In the United States, PSPDN services are offered 
commercially by such carriers as US Sprint (formerly 
Telenet), BT Tymnet, CompuServe Inc., and the 
regional Bell holding companies. In other countries, 
the national telecommunications administrations 
offer them. 

The PSPDN model cannot handle computer-to- 
computer communications within a LAN because 
the sporadic bursts of LAN traffic are typically over 
before a PSPDN can set up a virtual call. (A virtual 
call looks to the user like a pre-existing end-to-end 
circuit.) Conversely, a LAN does not establish a LAN- 
to-LAN connection. Instead, the LAN’s transmission 
mechanisms address and route each packet in- 
dependently. These connection-independent and 
hence connectionless packets are called datagrams. 

When a datagram arrives on the LAN, a router 
makes a virtual call to the PSPDN destination indi- 
cated and forwards the packet. The router must then 
balance two conflicting requirements: it should re- 
tain the established call to avoid set-up delays for 
any later packets, yet, because PSPDN charges are 
often based on how long a connection lasts, the rout- 
er should clear the call as soon as possible. 

One dodge is the use of a permanent virtual cir- 
cuit between any two points on the PSPDN. Such 
a circuit is a virtual call whose logical connection 
remains in force even after a call is completed. This 
is overkill, however—it eliminates not only time- 
sensitive charges, but also the ability to communi- 
cate spontaneously with anyone else on the PSPDN, 
unless, of course, the user resorts to multiplexing 
at the interface. 


width sharing, and SMDS also includes 
switching. The combined use of fast packet 
switching, ATM, and Sonet technologies will 
achieve additional cost reductions. 

Across the Atlantic, the European Tele- 
communications Standards Institute (ETSD 
has adopted the IEEE 802.6 standard as the 
basis for its work on MANs. As a result, 14 
European countries are scheduled to con- 
duct trials of SMDS-like services during the 
next two years. (British Telecom plans to 
conduct a service trial in London in 1991.) 
With these activities, SMDS appears to offer 
the basis for future international enterprise 
networks. 

Linking LANs threatens network securi- 
ty with unauthorized reading and malicious 
alteration of key data. To keep data private, 
either access to the data must be restricted 
or encryption techniques must be used. 
However, the stricter the access control, the 
less friendly the system is to users, so a bal- 
ance must be struck. 

NETWORK MANAGEMENT. Management of 
faults, accounting/billing, configura- 
tions/inventory, performance, and security 
are the chief elements of OSI’s network 
management architecture. Additional ele- 
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Elaborate error-correction mechanisms operate 
across every PSPDN link, to the detriment of 
throughput. Fiber transmission lines induce by far 
the fewest errors, and when they are used with end: 
to-end (user-to-user) error correction, link (node-to- 
node) error-correction mechanisms become much 
less necessary. (A node is an intermediate computer 
system in a network transmission path.) 

One new US. carrier offering, frame relay, is es- 
sentially a PSPDN service over permanent virtual 
circuits, but stripped of all error correction. Switched 
virtual calls for frame relay are under study. 
ONE INTERNET. The National Science Foundation’s 
NSFNET links over 20 regional U.S. networks—at 
44736 Mbis (13) by the end of 1991—as well as net- 
works in other countries. NSFNET was introduced 
in 1986. 

NSFNET’s US. regional networks in turn link 
hundreds of campus networks, serving hundreds 
of thousands of computers. LANs, dedicated digi- 
tal lines, even PSPDN services are interlinked by rout- 
ers to form a network of networks: the Internet. The 
internet protocol (IP) is generally used with the trans- 
mission control protocol (TCP) to provide end-to-end 
error correction. 

SWITCHED DIGITAL LINES. To support datagram- 
based internets for commercial, research, and edu- 
cation users, carriers in the United States, Austra- 
lia, and Europe are introducing switched mul- 
timegabit data service (SMDS) and comparable 
services. —Larty Lang 





Larry Lang (M) is a member of the Broadband Data 
Services Division at BellCore, Red Bank, N.J. He 
received a BS. in electrical engineering from Duke 
University, Durham, N.C, and an MS. from Stan- 
ford University in California. 


ments such as software management, ongo- 
ing network planning, and employee train- 
ing may be added to that list, as required. 
And most vendors provide good solutions for 
network management of their own LANs. 
But the picture is very different when the 
LANs in a WAN are from different vendors 
and handle different protocol suites. Then 
WAN management can become well-nigh 
impossible. 

Yet obviously the departments of an en- 
terprise generally acquire their LANs long 
before the decision is made to integrate the 
LANs into a manageable WAN. Since it is 
seldom practical to uproot the installed LANs 
and start all over with a single network 
management architecture, the enterprise 
must select a migration path toward a sin- 
gle, unified approach to network manage- 
ment. Users of TCP/IP can select the sim- 
ple network management protocol (SNMP), 
then upgrade to ISO’s full common manage- 
ment information protocol (CMIP) once it 
becomes available. 

At least three prominent vendors—AT&T 
Co., IBM Corp., and Digital Equipment 
Corp.—offer network management architec- 
tures that should satisfy the needs of even 





the most exacting user. They all appear des- 
tined eventually to support the final OSI net- 
work management standard. 

AT&T’s UNMA provides end-to-end net- 
work management in a multivendor environ- 
ment. It is based on the OSI model and its 
associated standards. UNMA is a three- 
layered framework consisting of network 
elements, element management systems 
(EMSs), and integrated network manage- 
ment systems (INMSs). Each element 
represents a managed device such as a 
modem, LAN, PBX, or host; each EMS 
manages a set of network elements; and 
each INMS provides an end-to-end view at 
anetwork control point. Two Accumaster In- 
tegrator products represent AT&T’s entry 
into the INMS line. As for EMSs, AT&T 
offers about 20 (such as StarGroup for the 
company’s StarLAN), and more than 50 
vendors have agreed to develop EMSs and 
to test their compatibility with Accumaster 
Integrator. 

IBM’s newly introduced SystemView ar- 
chitecture embraces Big Blue’s open net- 
work management (ONM) structure, imply- 
ing that SystemView will ultimately support 
IBM’s leading network management prod- 
uct, NetView. (Another implication is that 
SystemView may also encompass IBM’s 
LAN Manager for token ring LANs.) Lend- 
ing credence to this view, today’s NetView 
is being extended to handle OSI and TCP/IP, 
besides the SNA environments. Further- 
more, SystemView allows multivendor ap- 
plication interfaces such as LU6.2 (IBM’s 
logical unit 6.2, an application-to-application 
de facto standard). This capability will some 
day allow other vendors to communicate 
with the host-based SystemView software 
in multivendor environments. 

DEC’s Enterprise Management Architec- 
ture (EMA) is much like IBM’s SystemView. 
It embodies DEC’s commitment to the 
management of heterogenous, multivendor, 
distributed computing environments and all 
the communications facilities that let them 
communicate. It will support the company’s 
own DECnet/OSI Phase V and DECnet 
Phase IV, as well as TCP/IP, Ethernet, 
bridges, terminal servers, and FDDI 
products. Many vendors have agreed to fit 
their products under the EMA umbrella. 
ABOUT THE AUTHOR. Roshan L. Sharma is an 
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communications and network science. He 
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and mathematics from the Punjab Univer- 
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A GUIDE TO DATA COMMUNICATIONS 


B-ISDN and how it works 


End users will get 
multimedia transmission 
by accessing gigabit-per- 
second public networks 
on a switched basis 


Sending data over long dis- 
tances will soon be handled 
faster than most of today’s 
Sq local transmissions. Al- 
§ though a design engineer 
living in Paris today can dis- 
cuss a simulation experi- 
E ment with a co-worker in 
Grenoble by sending the design over a data 
communications network, it may not be 
done as efficiently or cheaply as the two 
might wish. A new kind of network is emerg- 
ing, however, that will reduce the cost of 
long-distance high-speed data transfer by 
enabling users to share expensive high-bit- 
rate public transmission resources. 

The main elements of the new networks 
will be based on a series of emerging inter- 
national recommendations known as broad- 
band integrated-services digital network (B- 
ISDN). The series is being developed by the 
International Telegraph and Telephone Con- 
sultative Committee (CCITT) to describe 
techniques for packet-switching data, voice, 
and video at very high speeds. 

Currently design engineers have two basic 
transmission options to send graphics im- 
ages. One is using public switched transmis- 
sion links at speeds of 64 kilobits per sec- 
ond employing either narrowband ISDN 
(N-ISDN) or X.25 packet switching. This 
choice provides only a relatively low bit rate 
and has a high transit delay (which to the end 
user looks like a long response time). The 
second option is using leased lines that offer 
up to 34 megabits per second in Europe and 
45 Mb/s in the United States. But this choice 
has several drawbacks. 

For example, if the engineers choose 
leased lines (which are dedicated data com- 
munications links running between two pre- 
specified locations), they will also have to 
maintain voice links through the telephony 
network. 

Leased lines pose an additional problem 
because customers are billed on the basis of 
a line’s capacity rather than its usage. Al- 
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though packet-switched networks overcome 
this problem by providing, through one con- 
nection to the network, virtual connections 
to all the users, they do not support tele- 
phony. Moreover, commercial availability of 
packet-switched networks offering 34 or 45 
Mb/s is not widespread. 

By contrast, networks based on B-ISDN 
will carry design simulations and other mul- 
timedia transmissions that include text, 
voice, video, and graphics. They will provide 
end users with increased transmission rates 
(up to 155.52 Mb/s initially) on a switched 
basis. That means an engineer can have mul- 
tiple virtual connections to disparate loca- 
tions with just one link to the network. 

To provide these benefits, the public net- 
work will have internally (that is, within the 
network as opposed to the periphery of the 
network, which meets the customer’s 
premises) a transmission capacity of 622 
Mb/s, 1.244 gigabits per second, and 2.488 
Gb/s [Fig. 1]. These bit rates derive from 





ar. Customer 


BM A™ switch B-ISDN 


a Connectionless server 


el SDH equipment 


ATM = asynchronous transfer mode. 
SDH = synchronous digital hierarchy. 
B-ISDN =broadband integrated-services digital network. 


[1] Broadband integrated-services digital net- 
work uses optical-fiber synchronous digital hi- 
erarchy (SDH) equipment plus asynchronous 
transfer mode (ATM) switching to link users 
over long distances. The concatenation of 
ATM equipment and a connectionless server 
may be considered analogous to the metro- 
politan-area network switching system defined 
in the switched multimegabit data service. 


specifications that were adopted by the 
CCITT in the recommendation called syn- 
chronous digital hierarchy (SDH). Referring 
to synchronous (as opposed to today’s more 
commonly used plesiochronous) data trans- 
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mission over optical-fiber cable, SDH 
evolved from a family of standards that were 
originally proposed by Bell Communications 
Research Inc. (now BellCore) and that later 
became known as Sonet, or synchronous op- 
tical network. The terms are sometimes 
used synonymously. 

SDH describes the transmission medium 
over which B-ISDN will operate. The opti- 
cal-fiber cable offers such a large amount of 
bandwidth that it could accommodate even 
100-Gb/s transmission—and such network 
alternatives are being studied now [‘‘Gigabit 
networks,’’ p. 40]. 

FUNDAMENTAL DIFFERENCES. B-ISDN differs 
from N-ISDN in three key areas: 

e N-ISDN makes use of the infrastructure 
of the telephony network as it exists today, 
using symmetrical copper wire pairs; B- 
ISDN uses optical-fiber cable. 

e N-ISDN is mainly a circuit-based network 
and performs packet switching only on the 
D channel, which is used for signaling; B- 
ISDN uses only packet switching. 

e N-ISDN channel bit rates are prespecified: 
for example, 16 kb/s (the D channel) and 64 
kb/s (either B or D channels). In contrast, 
B-ISDN makes use of virtual channels, with- 
out any prespecified bit rate. The only bit- 
rate limitation of the virtual channels is the 
physical bit rate of the user-to-network in- 
terface (which can be either 155.52 Mb/s or 
622.08 Mb/s). 

It is commonly agreed that data—rather 
than voice—services will play the major role 
in introducing B-ISDN throughout the 
world. Network service providers such as 
France Telecom, AT&T, British Telecom, 
MCI, and NTT are working along with the 
CCITT, the IEEE, and the European Tele- 
communications Standards Institute (ETSD 
to determine which data services will lead 
the way. 

A crucial decision was made in 1988 when 
the CCITT decided to base the development 
of B-ISDN ona switching technique known 
as ATM (asynchronous transfer mode). That 
decision was confirmed by a first set of 
recommendations in 1990. The term ATM 
is even now sometimes used as a synonym 
for B-ISDN. 

ATM BASICS. One of the fundamental princi- 
ples of B-ISDN, as well as N-ISDN, is to 
offer the subscriber (or end user) a large va- 
riety of services—each of which may require 
a different bit rate—through a single access 
point to the network. Thus a technique was 
needed to switch information flows that have 





time constraints relating to video or voice 
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Gigabit networks 


Digital transmission systems with speeds in excess 
of a gigabit per second have been in operation for 
several years—but only at the infrastructure of some 
facilities within the telecommunications industry, 
These installations are heavily multiplexed, and the 
end users typically obtain data rates in kilobits or 
megabits per second. 

Now gigabit testbeds being established in the Unit- 
ed States, supported by funding from the National 
Science Foundation (NSF) and the Defense Ad- 
vanced Research Projects Agency (Darpa), are about 
to change that situation dramatically. The Corpora- 
tion for National Research Initiatives (CNRI) is coor- 
dinating these efforts under a cooperative agreement 
with the Government. 

The testbeds—known as Aurora, Blanca, Casa, 
Nectar, and Vistanet—will explore how users might 
benefit from gigabit-per-second speeds and will help 
evaluate the technology options for building such 
networks on a national scale. Participating tele- 
communications service carriers include AT&I, MCI, 
GTE, and the regional Bell holding companies. Join- 
ing in the research are IBM Corp. and BellCore, along 
with a number of universities, NSF supercomputer 
puter centers, and national research laboratories. 

Topics to be examined include protocols, inter- 
faces, switching, local distribution, and application 
environments—as well as asynchronous transfer 
mode and packet transfer mode for switching. The 


signals as well as information flows that are 
more sporadic and have widely variable bit 
rates. 

Asynchronous transfer mode meets these 
requirements. It is a hybrid technique that 
combines the simplicity and the very high 
bit rates of circuit switching (currently used 
largely for telephony or video transmission) 
with the flexibility of X.25 packet switching 
(used for data). 

In ATM, the basic unit of data transfer is 
called the cell [Fig. 2], which is processed 
at several stages throughout the network: 
by the terminal, the multiplexers, the cross- 
connects, and other switches. 

The cell is a packet having a fixed, 
predetermined length with a header (includ- 
ing routing information used by the network) 
and an information field. The fixed format 
of the two fields assures that the processing 
may be done by a simple hardware circuit, 
thus enabling faster processing speeds than 
do software implementations. 

Intended to support a wide range of com- 
munication services, ATM is designed to 
provide a transfer that is independent of 
these services in several ways. An example 
is time independence, where no relationship 
exists between the application clock and the 
network clock. Another is semantic inde- 
pendence, whereby the network information 
unit (the cell) and the unit of application in- 
formation are not related. This results in a 
transfer protocol unit in which the header is 
used only for network transfer functions. 
The ATM network does not process the in- 
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high-performance parallel interface is being used 
in the testbeds, and other interfacing strategies are 
being explored. Carriers in several of the testbeds 
are also providing synchronous optical network 
(Sonet) transmission. 

Various applications that might be run on gigabit- 
per-second networks have been proposed as can- 
didates for evaluation. Among them are concurrent 
computing of highly interactive distributed programs 
running on geographically separated supercom- 
puters, synchronization and visualization of high- 
speed data, and real-time processing of partitioned 
graphics computations. A major performance con- 
sideration is how to cope with the network latency 
due to speed-of-light signal propagation. 

The efforts undertaken for this project are part of 
the research that will lead to a nationwide network 
that operates at gigabit speeds. President George 
Bush's 1992 budget request to the Congress includ- 
ed funding for a new program called High Perfor- 
mance Computing and Communications. Research 
to develop the gigabit-per-second network is one ele- 
ment of that program. —Robert E. Kahn 


Robert E. Kahn (F) is president of the Corporation 
for National Research Initiatives, which he founded 
in 1986. He earned a BEE from the City College of 
New York plus M.A. and Ph.D. degrees from Prince- 
ton University in New Jersey. 





formation field; in particular, it provides no 
error checking. 

Cells are multiplexed asynchronously. 
That is, the various streams of assigned 
(information-carrying) cells are queued be- 
fore being interleaved over a transmission 
resource. The bit rate of the aggregate as- 
signed cell stream is adapted to the trans- 
mission rate (but should never exceed that 
rate) by inserting idle cells. These are dis- 
carded when they reach the next destination 
node so that a continuous flow of cells is 
transported. To make ATM independent 
from any underlying transmission means, 
the receiving side recovers the cell bound- 
aries from the bit stream that it receives by 
using a mechanism called cell delineation. 
CHANNEL IDENTIFICATION. Cells belonging to 
a channel are identified by the virtual chan- 
nel concept that is already used in X.25 net- 
works. The identification is local to the mul- 
tiplex (that is, the collection of information 
coming from a number of sources) and may 
be changed at each switching point. 

The identifier consists of two complemen- 
tary fields, known as the virtual path iden- 
tifier (VPI) and the virtual channel identifier 
(VCI). At each interface, a communications 
channel is identified by the VPI and VCI 
combination. The concept of a virtual path 
was introduced to provide the capability to 
manipulate a set of up to 216 ATM connec- 
tions as one unique channel. 

A switch making use of the full combina- 
tion of VPI and VCI is called an ATM switch; 
while a switch that uses only the VPI is 








described as an ATM cross-connect. 

One result of this routing method is that 
ATM becomes a connection-oriented tech- 
nique requiring that a connection be set up 
before information is transferred to deter- 
mine the routing and to map the incoming 
and outgoing virtual channels. Once the con- 
nection is set up, the switch analyzes the 
header; it also switches the cell from the in- 
coming multiplexed stream to the predeter- 
mined outgoing multiplexed stream. 

Although cells are switched individually, 
the integrity of the cell sequence is main- 
tained by the switch. All switching actions 
operate at the cell rate, regardless of the 
channel rate. This allows the switching of 
cells belonging to different calls, each hav- 
ing a wide range of bit rates. It also supports 
the variable bit rates that come from sources 
having sporadic data flows. 

In addition to the basic functions of ATM, 
some other features allow both end users 
and network operators to identify various 
types of information and levels of quality of 
service. For instance, semantic priority en- 
ables users to choose cells that may be dis- 
carded in case of network congestion. So far 
two levels of semantic priority have been 
adopted by the CCITT and are supported by 
a 1-bit field. The terminology for this fea- 
ture, called loss priority or discard eligibili- 
ty, is not yet widely agreed upon. 

Payload type is another feature of ATM. 
It helps the user to distinguish between cells 
that carry user information and those that 
carry service information. The user can then 
create a subchannel, along the same path as 
the user information, to check whether the 


Structure of the header at 
the user / network 
interface 
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VCl 3 
vCcl CLP 1/4 
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payload 
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GFC=generic flow control. 
VPl=virtual path identifier. 
VCl=virtual channel identifier. 
PT=payload type. 

CLP=call loss priority. 





HEC=header error control field. 


[2] Because the ATM (asynchronous trans- 
Jer mode) cell has a predefined length and 
prespecified field location, it simplifies the 
user-to-network interface and the associated 
processing of data. 
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Classification of services for the AAL* 





Service features | Class A 


Timing relation between 
source and destination 


G0 Reprisal st 


port the various services. 


quality of service promised by the network 
operator is in fact being delivered. 

At some point, the customer premises 
equipment must intersect with the ATM net- 
work. This juncture is defined by the CCITT 
in its B-ISDN access reference model, 
Recommendation I.413. Responsibility for 
the line termination—which is referred to as 
NTI (Network Termination 1) and includes 
only transmission functions—is determined 
according to national regulations. For exam- 
ple, in Europe, it is under the purview of the 
network operator; in the United States, it 
is the responsibility of the user. NT1 is usual- 
ly located on the customer’s premises; ter- 
minals may be directly connected to it. 

The CCITT has agreed on two different 
bit rates for the interfaces known as Ss 
(155.52 Mb/s) and T; (622.08 Mb/s): Sonet 
optical carrier (OC)-3 and OC-12, respec- 
tively. Most of the study work being done 
in the CCITT is on the former. 

For that rate, two types of physical lay- 
ers have been defined and are receiving an 
equal amount of effort by such study groups 
as CCITT Study Group XVIII. One is a cell- 
based interface, where the cell multiplex 
(the collected information coming from a 
number of sources and multiplexed onto one 
transmission flow) completely fills the avail- 
able bit rate and where all the management 
and monitoring functions are carried via 
specialized cells. The other is an SDH-based 
interface, where the cell multiplex is insert- 
ed in the virtual container. Here, one can use 
the management and monitoring capabilities 
of SDH. 

GENERIC FLOW CONTROL. To ensure equita- 
ble shared access to the public network, a 
new standard is being developed. The prob- 
lem that must be solved becomes apparent 
when multiterminal configurations are 
necessary at the user access point. The en- 
gineer in Paris, for example, communicat- 
ing with his co-worker in Grenoble may need 
more than one terminal at each site: besides 
a data terminal, there might be a Unix server 
as well as a videotelephone and a plotter. 

One solution to this networking problem 
might be to connect the local-area network 
(LAN) to a router through an ATM interface 
and an ATM videotelephone—both would be 
connected to a multiplexer, which thereupon 
could forward the information that has 
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Required 





*AAL = ATM (asynchronous transfer mode) adaptation layer. 





| Class B Class C | Class D 


Not required 





[3] Four types of network service classes have been identified by the International Telegraph 
and Telephone Consultative Committee. The goal is to achieve a common segmentation and 
reassembly (SAR) layer for each class of service, thus allowing a reduced set of chips to sup- 


gathered on the T3 interface. 

For a simpler solution, however, the 
CCITT is providing the design of the S, in- 
terface so that the various terminals may 
share autonomously the access to the net- 
work. In the same way, the 802.3 interface 
provides a shared access to a router. Since 
it thus becomes mandatory to ensure that 
each terminal gets a fair opportunity for net- 
work access and a guaranteed access capac- 
ity, some kind of flow control must be 
provided. 

Although the details of this control mech- 
anism, called generic flow control (GFC), 
are still under study, a field has been re- 
served in the header to introduce such capa- 
bilities. One criterion has been agreed upon: 
it must allow for various interconnect 
schemes—whether the LAN is configured 
as a bus, a star, or a ring. 

The Sg interface will thus provide the 
same functionality from the LAN to the net- 
work that is presently provided from the ter- 
minal to the LAN. Moreover, it paves the 
way for the multimedia applications of the 
future because it will allow for local calls— 
both for asynchronous data and for 
isochronous services—and it will provide ac- 
cess to the network without a router. 

When this interface is defined, it will com- 

pete with 802.3 and fiber-distributed data in- 
terface (FDDI) by simplifying the connec- 
tion to the network while offering the same 
functionality as an 802.3 bus (but with higher 
bit rates and the option to support multime- 
dia traffic). Moreover, users may prefer to 
build their own internal communications fa- 
cilities using the S, interface terminals 
rather than terminals interfacing via 802.3 
or FDDI. 
USING THE TRANSFER MODE. Because asyn- 
chronous transfer mode is designed to be in- 
dependent of the various communication 
services that may be using the network, it 
does not address problems that are specific 
to applications. For this work, an additional 
protocol layer, called the ATM adaptation 
layer (AAL),. may be implemented by the 
end-user equipment. Or it might be incor- 
porated into additional application- 
dependent switching equipment. 

The AAL must achieve the complemen- 
tary functions that make the data stream ex- 
changed from end to end compatible with the 





requirements of the service considered [Fig. 
3]. The AAL is, of course, only processed 
outside the ATM network boundaries. 

CCITT Recommendations 1.362 and I.363 
give the definition and the specifications of 
AALs. Two of these, in particular, concern 
data transfer. Type 3, for connection- 
oriented data transfer, will also be used for 
user-to-network signaling transfer; type 4 
is for connectionless data transfer. 

In developing the recommendations rela- 
tive to AAL, the CCITT has concentrated 
on the connectionless mode transfer. The 
AAL developed for this mode of transfer is 
compatible with the connectionless mode 
transfer of the IEEE 802.6 standard. 

Above the AAL on the protocol stack is 
a layer called the connectionless conver- 
gence protocol [Fig. 4]. This layer has not 
yet been firmly agreed upon by the CCITT, 
but it probably will be approved since it cor- 
responds to the equivalent layer in SMDS 
(switched multimegabit data service)—layer 
3. With this correspondence, a network can 
offer SMDS independently of the underly- 
ing technology. That is, it can be a network 
based on ATM or on IEEE 802.6. 

It should be noted that ETSI is working 
toward the definition of a service that will 
be equivalent to and compatible with SMDS; 
it will be called CBDS (connectionless 
broadband data service). This service aims 
to be applicable both for metropolitan-area 
networks and for B-ISDN. The work is 
being done by the Working Party 
ETSI/NA5/MAN. 

CONNECTIONLESS MODE. Since most LAN 
technologies today use connectionless 
mode, it seems logical to provide initially for 
a connectionless service that extends the 
local characteristic of the LAN through the 
public network and minimizes the router’s 
functionalities. However, a connection-ori- 
ented mode is much better for a wide-area 
network because it helps optimize resource 





Physical layer 


CLCP = connectionless convergence protocol. 

AAL = ATM (asynchronous transfer mode) 
adaptation layer. 

CS = convergence sublayer. 

SAR = segmentation and reassembly. 


[4] The protocol stack for the application of 
connectionless services over an ATM (asyn- 
chronous transfer mode) network is shown 
here. The connectionless convergence protocol 
(CLCP) includes such network layer infor- 
mation as addressing information, carner 
selection, and quality of service selection. The 
ATM adaptation layer (AAL) provides a ser- 
vice to the CLCP layer equivalent to the lowest 
part of high-level data link control (HDLC). 
This part involves message delineation, in- 
formation transparency, and error detection. 
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1. B-ISDN switches: representative prototypes and products 
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ATM: asynchronous transfer mode, by which fixed-length units of data, 

or cells, are transmitted in no particular or synchronized order. 

B-ISDN: broadband integrated-services digital network (does not in- 
clude multiplexers that use circuit multiplexing). 

N.A.: not available. 

OC-3: Sonet-compatible signal at 155.52 Mb/s. 
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1. The way data is switched from one node to another within a network, rather than at the periphery. 
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OC-12: Sonet-compatible signal at 622.08 Mb/s. 

PTM: packet transfer mode; the switch supports proprietary variable- 
size packets. 

SDH: synchronous digital hierarchy. 

Sonet: synchronous optical network. 

STM: synchronous transfer mode. 


2. Sonet ICs: representative prototypes and products 
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1. Phase | is 51.84 Mb/s; OC-24 is 1.244 Gb/s. 
Key 
ATM: asynchronous transfer mode. 


management and allows for much higher bit 
rates than are possible with connectionless 
mode technologies. 

ATM networks do not process any infor- 
mation above the ATM level on the protocol 
stack, so they are essentially connection- 
oriented networks. But the information that 
is used for routing connectionless data (such 
as the destination address and the 
quality-of-service parameters that indicate 
cell loss and bit error rates) are located 
above this level. Thus, a new piece of equip- 
ment is necessary in the network: the con- 
nectionless server. 

Subscribers to the connectionless service 
are linked to the connectionless server via 
an ATM connection at a peak bit rate, which 
is defined by the ATM connection, and at an 
average bit rate, which is controlled by the 
policing function included in the connection- 
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SDH: synchronous digital hierarchy. 





Sonet: synchronous optical network. 


less server. These servers are interconnect- 
ed through ATM connections, building up an 
overlaid network that may be run by the 
ATM network operator or by a service pro- 
vider that offers this value-added function. 
With a connectionless server, there are 
several ways to design the switching and 
routing mechanism. The attractive feature 
is that all necessary information for routing 
is included in the first cell of the message. 
Reassembly of the message within a serv- 
er is not necessary, which allows for a very 
short transfer delay within the network— 
giving users a very fast response time. 
Transmission technology that uses single- 
mode optical fiber has progressed consider- 
ably in recent years, and capacity has 
reached 2.5 Gb/s per fiber pair. This capa- 
bility, together with deregulation in the Unit- 





ed States, has raised the problem of inter- 





connection between network operating 
companies, particularly because the highest 
bit rate offered by an electrically stan- 
dardized interface is only 45 Mb/s. At the 
same time, a demand has arisen for greater 
flexibility of the transmission technique to 
satisfy the business market. 

These developments helped guide the 
definition of Sonet, which forms the basis 
of SDH. In addition to providing the Sonet 
capabilities, SDH offers highly sophisticat- 
ed resources for managing the transmission 
network at its different levels. With such 
smart network management features, it is 
possible, for example, to dynamically modify 
the configuration of the multiplexers and to 
modify the line configuration. 

The relationship between ATM and SDH 
has developed gradually. Today it is com- 
monly agreed that SDH will be used for the 
network infrastructure, and that information 
conveyed by the SDH channel will use the 
cell ATM structure and be switched by ATM 
switches. 

FIRST ATM SERVICES. Early implementations 
of B-ISDN and its underlying ATM technol- 
ogy are beginning to emerge, due to the in- 
terest and efforts of service providers and 
manufacturers of telecommunications equip- 
ment. [For products and prototypes that in- 
clude B-ISDN features, see Tables 1 and 2.] 
Among the first services expected to make 
use of ATM are: 

e Aservice permitting customers with the 
ATM cross-connect on leased lines to have 
any desired bit rate—from tens of bits per 
second up to 600 Mb/s—with a simplicity of 
reconfiguration that would be impossible 
with any other technology. 

e Aservice allowing customers with ATM- 
based connectionless broadband data ser- 
vice (CBDS) to interconnect LANs (and in 
the near future MANs) at peak bit rates of 
more than 100 Mb/s. Sustained bit rates may 
be somewhat lower because of: network 
management resource requirements. 

These services will arrive sooner than 
others because they can proceed without the 
finalized version of the ATM signaling 
protocol—and because they address a busi- 
ness market, where the return on the invest- 
ment may be quicker than it is in the larger 
market for public transmission services. 
These services represent a good starting 
point for the deployment of B-ISDN. 
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A GUIDE TO DATA COMMUNICATIONS 


To probe further 


High-speed local-area networks (LANs) 
For background, an extensive review of low- 
and medium-speed LAN architectures and 
access protocols is found in the book, Local 
Networks, 3rd edition, by William Stallings 
(MacMillan, New York, 1991). 

An excellent review of wireless LANs is 
presented in the paper, ‘‘Cordless Data 
Communications,’’ by Frank Owen in Cord- 
less Telecommunications in Europe: The 
Evolution of Personal Communications, ed. 
W. H. W. Tuttlebee (Springer Verlag, Lon- 
don, 1990). 

A good reference on wireless LANs is the 
April 1991 special issue of the IEEE’s Com- 
munications Magazine on intelligent build- 
ings, particularly Thomas A. Freeburg’s 
paper, ‘‘Enabling Technologies for Wireless 
In Building Network Communications—Four 
Technical Challenges, Four Solutions,’’ Vol. 
29, no. 4, pp. 58-64. 

The areas of high-speed, supercomputer, 
and lightwave networks are surveyed in a 
paper by Imrich Chlamtac and William P. 
Franta entitled ‘‘Rationale, Directions, and 
Issues Surrounding High Speed Networks,’’ 
in IEEE Proceedings, Vol. 78, no. 1, Janu- 
ary 1990, pp. 94-120. 

Additional material on lightwave networks 
can be found in the August 1990 issue of the 
IEEE’s Journal on Selected Areas in Com- 
munications (JSAC), Vol. 8, no. 6. 

Mario Gerla et al. wrote on ‘‘Buzz-Net: 
a Hybrid Token/Random Access LAN’’ in 
JSAC, Vol. SAC-5, no. 6, July 1987, 
pp. 977-88. 

James F. Mollenauer’s ‘‘Metropolitan 
Area Networks and ATM Technology’’ pro- 
vides an especially good introduction to a 
related topic. His article appears in Interna- 
tional Journal of Digital and Analog Cabled 
Systems, Vol. 1, no. 4, October-December 
1988, pp. 223-28. 

R. M. Newman et al. wrote about ‘‘The 
QPSX MAN,”’ in IEEE Communications 
Magazine, April 1988. (QPSX is the prior 
name for distributed queue dual bus, or 
DQDB.) 

Also see ‘‘An Overview of FDDI: The 
Fiber-Distributed Data Interface’’ by Floyd 
E. Ross in JSAC, Vol. 7, no. 7, September 
1989, pp. 1043-51. 

Fouad A. Tobagi dealt with ‘‘Expressnet: 
A High-Performance Integrated Services 
LAN”’ in JSAC, Vol. SAC-1, no. 5, Novem- 
ber 1983, pp. 898-913. 

B. Beach discusses in detail one of the su- 
percomputer LANs in his ‘‘UltraNet: an Ar- 
chitecture for Gigabit Networking,’’ which 
appears in the proceedings of the 15th Con- 
ference on Local Computer Networks, 
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pp. 232-48. It was held in Minneapolis in 
October 1990. 

Israel Cidon and Yoram Ofek gave a paper 
on ‘‘Meta Ring—a Full-duplex Ring with 
Fairness and Spacial Reuse’ at IEEE Info- 
com ’90, San Francisco, June 3-7, 1990, 
which was printed in the conference’s 
proceedings. 

For the same Infocom 90 conference 
proceedings, the authors of the current ar- 
ticle, J. Bannister and M. Gerla, wrote 
‘Topological Design of the Wavelength Di- 
vision Optical Network,’’ pp. 1009-13. 

Another paper from the same Infocom 90 
conference dealt with a reservation-strategy 
LAN: ‘‘Improving the Efficiency of DQDB 
Networks’’ by E. L. Hahne et al., 
pp. 175-84. 

A popular network topology is assessed 
in ‘‘Performance evaluation of tree topolo- 
gy local area networks’’ by Flaminio Bor- 
gonovo, Enrico Cadorin, and Luigi Fratta, in 
the Proceedings of the Ninth Conference on 
Measurements in Communication Systems, 
October 1989. 

Access to mesh networks is discussed in 
“‘Terabit Lightwave Networks: The Multi- 
hop Approach,’’ by A. Acampora, in the 
AT&T Technical Journal, November/De- 
cember 1987. 

A good reference text on lightwave trans- 
mission is Joseph C. Palais’s Fiber Optic 
Communications, Prentice Hall, Englewood 
Cliffs, N.J., 2nd edition, 1988. 

A classic communications text with broad- 
er coverage than the previous one is A. 
Tanenbaum’s Computer Networks, 2nd edi- 
tion, Prentice Hall, 1988. 

For background on multihop networks, 
see ‘‘[Shufflenet]: An application of gener- 
alized perfect shuffles to multihop lightwave 
networks,”’ in the 1988 proceedings of IEEE 
Infocom, pp. 4B.4.1-12. 

For background on token bus architecture, 
see ‘‘Description of FASNET, a Unidirec- 
tional Local Communications Network,’’ by 
J.O. Limb and C. Flores, in the Bell System 
Technical Journal, Vol. 61, September 1982, 
pp. 1413-40. 

The Manhattan street network is ex- 
plained in greater detail by N.F. Maxemchuk 
in ‘‘Regular Mesh Technologies in Local and 
Metropolitan Area Networks,’’ AT&T Tech- 
nical Journal, Vol. 64, no. 7, September 
1985, pp. 1659-85. 


Interconnecting LANs 

A tutorial, ‘‘Bridges and Routers’’ by Wil- 
liam M. Seifert, appeared in the January 
1988 issue (Vol.2, no.1) of the IEEE’s Net- 
work magazine, pp. 57-64. 





See also the January 1990 JSAC (Vol. 8, 
no. 1) on ‘‘Heterogeneous Computer Net- 
works Interconnection,’’ especially ‘‘Net- 
work Interconnection and Gateways’’ by 
Carl A. Sunshine, pp. 4-11. 

A book that treats the internetworking of 
local- and wide-area networks is LANs to 
WANs: Network Management in the 1990s, 
by Nathan J. Muller and Robert P. Davidson 
(Artech House, Boston, 1990). 

The IEEE held a workshop on intercon- 
nections within high-speed digital systems 
in Santa Fe, N.M., May 22-24. For more de- 
tails, contact Gail Lalk, BellCore, 445 South 
St., Room MRE 2Q-144, Morristown, N.J.; 
fax, 201-984-0355. 

The IEEE held its 10th Annual Interna- 
tional Phoenix Conference on Computers 
and Communications in Scottsdale, Ariz., 
March 27-30. For further information, con- 
tact Oris Friesen, Bull HN, Box 8000, M/S 
A93, Phoenix, Ariz. 85066-8000; 
602-862-5200. 

The IEEE plans to hold a symposium on 
integrated-services digital networks in Tuc- 
son, Ariz., Dec. 8-12, 1991. Contact Russ 
DeWitt, Contel Service Corp., 245 Perim- 
eter Center Parkway, Atlanta, Ga. 30346; 
404-551-4911. 

An XNS tutorial, ‘‘Understanding XNS: 
The prototypical internetwork protocol,’’ by 
Bale Neibaur, appeared in the Sept. 21, 
1989, issue of Data Communications LAN 
Strategies quarterly magazine, beginning on 
p. 43. 

An article on ‘‘Multiwavelength Networks 
and New Approaches to Packet Switching’’ 
by Matthew S. Goodman appeared in the 
IEEE October 1989 Communications Maga- 
zine, Vol. 27, no. 10, pp. 27-35. 

Ina January 1991 editorial supplement to 
Data Communications magazine, Nick Lip- 
pis and James Herman provided an overview 
of internetworking devices and concepts in 
“‘The Internetwork Decade,’’ from p. 52 
on. (This supplement comprises excerpts 
from a lengthy study conducted by North- 
east Consulting Resources Inc., Boston; 
617-570-0780.) 

One of three articles that discuss the var- 
ious facets of the simple network manage- 
ment protocol (SNMP) is ‘“SNMP Brings 
Order to Chaos’”’ by Kary] Scott in the March 
21, 1990, issue of Data Communications 
LAN Strategies, beginning on p. 24. Start- 
ing on p. 55 in the same issue, Randy 
Presuhn compares the common manage- 
ment information protocol (CMIP) to SNMP 
in ‘‘Considering CMIP.”’ 

For a tutorial on the switched mul- 
timegabit data service (SMDS) standard, in- 
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cluding its relationship to Tl and T3, see 
““SMDS: The Beginning of WAN Superhigh- 
ways’’ by Tracy Cox et al. in the April 1991 
issue of Data Communications, beginning on 
p. 105. 

For interconnection of LANs, also see 
Chapter 10 of Télecommunications: Protocols 
and Design, by John D. Spragins et al., 
Addison-Wesley, Reading, Mass., 1991. 


B-ISDN and how it works 
In his article ‘‘Broadband Networks: The 
End of Distance?’’ in Data Communications 
(June 1990, p. 76), John M. McQuillan dis- 
cusses how the new high-speed networks 
will transform the way information is pro- 
cessed. He also covers the relationships 
among fast packet switching, frame relay, 
cell relay, SMDS, fiber-distributed data in- 
terface (FDDI), and synchronous optical 
network (Sonet). 

Seminars and workshops focusing on ad- 
vanced applications for high-speed networks 
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circle no. 256, p. 28 
In-Net Corp., 15150 Avenue of Science, San Diego, CA 92128, 
619-487-3693 circle no. 257, p. 28 
Interphase Corp., 13800 Senlac, Dallas, TX 75234, 214-919-9000 

circle no. 258, p. 28 
Microwave Radio Corp. 20 Alpha Rd., Chelmsford, MA 01824, 
508-250-1110 circle no. 259, p. 28 
Motorola Inc., 3215 N. Wilke Rd., Arlington Heights, IL 
60004, 800-233-0877 circle no. 260, p. 28 
Network Systems Corp., 7600 Boone Ave. North, Minneapolis, 
MN 55428, 612-424-4888 circle no. 261, p. 31 
Optical Data Systems Inc., 1101 E. Arapaho Rd., Richardson, 
TX 75081, 214-234-6400 circle no. 262, p. 31 
Raycom Systems Inc. , 16525 Sherman Way C-8, Van Nuys, CA 
91405, 818-909-4186 circle no. 263, p. 31 
SBE Inc., 2400 Bisso Lane, Concord, CA 94520, 415-6807722 

circle no. 264, p. 31 
Silicon Graphics Computer Systems Inc., 2011 North Shore- 
line Blvd., Mountain View, CA 94039, 415-960-1980 

circle no. 265, p. 31 
Sumitomo Electric U.S.A. Inc., 3235 Kifer Rd., Suite 150, Santa 
Clara, CA 95051, 408-737-8517 circle no. 266, p. 31 
Sun Microsystems Inc., 2550 Garcia Ave., Mail Stop PAL 1- 
505, Mountain View, CA 94043, 415-336-7700 

circle no. 267, p. 31 
Thomas-Conrad Corp., 1908-R Kramer Lane, Austin, TX 78758, 
512-836-1935 circle no. 268, p. 31 
Ungermann-Bass Inc., 3900 Freedom Circle, Santa Clara, CA 
95059, 408-496-0111 circle no. 269, p. 31 
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will be given at the 1992 IEEE Internation- 
al Workshop on Advanced Communications 
and Applications for High Speed Networks 
(March 16-19, Munich). For further infor- 
mation, contact Alfred C. Weaver, Depart- 
ment of Computer Science, Thornton Hall, 
University of Virginia, Charlottesville, Va. 
22901; 804-982-2201; e-Mail Weaver at Vir- 
ginia. EDU. 

In-depth coverage of most aspects of 
gigabit networks was presented at the sym- 
posium on gigabit networks held in Washing- 
ton, D.C., on July 15-17, 1991. For sum- 
maries of the presentations, call the program 
chairman, Albert Vezza, Laboratory for 
Computer Science, Massachusetts Institute 
of Technology, Cambridge, Mass.; 
617-253-5852. 

For background information, see ‘‘Broad- 
band ISDN and Asynchronous Transfer 
Mode (ATM)”’ by Steven E. Minzer in IEEE 
Communications Magazine, September 
1989, Vol. 27, no. 9, pp. 17-24. 5 
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Advanced Computer Communications Inc., 720 Santa Bar- 
bara St., Santa Barbara, CA 93101, 800-444-7854 

circle no. 270, p. 34 
Alantec, 47800 Westinghouse Dr., Fremont, CA 94539, 415770- 
1050 circle no. 271, p. 34 
Andrew Corp., 2771 Plaza Del Amo, Torrance, CA 90503, 800- 
733-0331 circle no. 272, p. 34 
Applitek Corp., 100 Brickstone Square, Andover, MA 01810, 508- 
475-4050 circle no. 273, p. 34 
Artel Communications Corp. , 22 Kane Industrial Dr., Hudson, 
MA 01749, 508-562-2100 circle no. 274, p. 34 
BBN Communications Corp., 150 Cambridge Park Dr., Cam- 
bridge, MA 02140, 617-873-4000 circle no. 275, p. 34 
BICC Communications, 103 Millbury St., Auburn, MA 
01501, 508-832-8650 circle no. 276, p. 34 
Chipcom Corp., 118 Turnpike Rd., Southborough, MA 01772, 508- 
460-8900 circle no. 277, p. 34 
Cisco Systems Inc., 1525 O’Brien Dr., Menlo Park, CA 94025, 
415-326-1941 circle no. 278, p. 34 
Emerging Technologies Inc., 900 Walt Whitman Rd., Melville, 
NY 11747, 516-271-4525 circle no. 279, p. 34 
FiberCom Inc., Box 11966, Roanoke, VA 24022, 703-342-6700 

circle no. 280, p. 34 
FiberLAN Inc., Box 12726, Research Triangle Park, NC 27709, 
919-549-4195 circle no. 281, p. 34 
Fibermux Corp., 9310 Topanga Canyon Blvd., Chatsworth, CA 
91311, 818-709-6000 circle no. 282, p. 34 
Halley Systems Inc., 1590 Oakland Rd., Suite B104, San Jose, 
CA 95131, 408-441-2190 circle no. 283, p. 34 
Harris Adacom Corp., 16001 Dallas Parkway, Dallas, TX 75248, 
214-386-2000 circle no. 284, p. 34 
Microcom Inc. , 500 River Ridge Dr., Norwood, MA 02062, 617- 
551-1000 circle no. 285, p. 34 
Netronix Inc., 1372 North McDowell Blvd., Petaluma, CA 94952, 
707769-3300 circle no. 286, p. 34 
Network Software Associates Inc. , 39 Argonaut, Laguna Hills, 
CA 92656, 714-768-4013 circle no. 287, p. 34 
Network Systems Corp., 7600 Boone Ave. North, Minneapolis, 
MN 55428, 612-424-4888 circle no. 288, p. 37 
Novell Inc., 122 East 1700 South, Provo, UT 84606, 800- 
NETWARE circle no. 289, p. 37 
Rabbit Software Corp., 7 Great Valley Parkway East, Malvern, 
PA 19355, 215-647-0440 circle no. 290, p. 37 
Rad Network Devices, 151 West Passaic S., Rochelle Park, NU 
07662, 201-587-8822 circle no. 291, p. 37 
3Com Corp., 5400 Bayfront Plaza, Santa Clara, CA 95054, 408- 
764-5000 circle no. 292, p. 37 
Ungermann-Bass Inc. , 3900 Freedom Circle, Santa Clara, CA 
95054, 408-496-0111 circle no. 293, p. 37 
Wellfleet Communications Inc., 15 Crosby Dr, Bedford, MA 
01730, 617-275-2400 circle no. 294, p. 37 











Acknowledgments 


In preparing this special focus report on data com- 
munications, /EEE Spectrum called on many ex- 
perts. We are especially indebted to the following 
individuals for their advice and guidance. Their 
identification with the report should not be con- 
strued as their endorsement of any of the opin- 
ions or products covered in these pages, nor of 
the accuracy of the statements made in the articles. 

The advisers for this report were Richard Bind- 
ef, principal scientist, Corporation for National Re- 
search Initiatives, Reston, Va.; Robert P. Davidson, 
manager for data networks, General DataComm 
Inc., Middlebury, Conn.; Jeremiah Hayes, profes- 
sor, Concordia University, Montreal; Dipankar Ray- 
chaudhuri, head, Broadband Communications Re- 
search, David Sarnoff Research Center, Princeton, 
N.J.; and Stephen B. Weinstein, manager, Systems 
Integration Research Division, Bell Communica- 
tions Research, Morristown, N.J. 


XLNT Designs Inc., 15010 Avenue of Science, Suite 100, San 
Diego, CA 92128, 619-487-9320 circle no. 295, p. 37 
Xyplex Inc. , 330 Codman Hill Rd., Boxborough, MA 01719, 800- 
338-5316 circle no. 296, p. 37 


B-ISDN SWITCHES 


Digital Link Corp., 252 Humboldt Court, Sunnyvale, CA 
94089, 408-745-6200 circle no. 297, p. 42 
GTE Laboratories, 40 Sylvan Rd., Waltham, MA 02254, 617-890- 
8460 circle no. 298, p. 42 
IBM Corp., 1133 Westchester Ave., White Plains, NY 10604, 914- 
642-5473 circle no. 299, p. 42 
NEC America Inc., 1525 Walnut Hill Lane, Irving, TX 75038, 214- 
518-5000 circle no. 300, p. 42 
Northern Telecom Inc., 3500 Carling Ave., Nepean, Ont. K2H 
8E9, Canada, 613-763-2211 circle no. 301, p. 42 
Siemens Stromberg-Carlson, 900 Broken Sound Parkway, Boca 
Raton, FL 33487, 407-955-8238 circle no. 302, p. 42 
Thomson-CSF, 46-47, quai Alphonse Le Gallo, BP 407, 92103 
Boulogne-Billancourt, France, (33+1) 49 10 60 00 

circle no. 303, p. 42 





SONET INTEGRATED CIRCUITS 


AMP Inc., Box 3608, Harrisburg, PA 17105, 717-564-0100 
circle no. 304, p. 42 
AT&T Microelectronics, 555 Union Blvd., Allentown, PA 18103, 
215-439-6011 circle no. 305, p. 42 
France Telecom, 38, rue du Général Le Clerc, P 92131, Issy 
Les Moulineaux, France, (33+1) 40 95 70 15 
circle no. 306, p. 42 
Hitachi America Ltd., 2000 Sierra Point Parkway, Brisbane, CA 
94005, 800-HITACHI circle no. 307, p. 42 
Ipitek (Tacan Corp.), 2330 Faraday Ave., Carlsbad, CA 92008, 
619-438-1010 circle no. 308, p. 42 
Olivetti Research Ltd., Old Addenbrookes Site, 24a Trumping- 
ton St., Cambridge CB2 10A, England, (44+223) 343 000 
circle no. 309, p. 42 
Philips Kommunications Industrie AG, Thurns und Taxis 
Strasse 10, 8500 Nuremberg 10, Germany, (49+911) 526 5144 
circle no. 310, p. 42 
TriQuint Semiconductor Inc., 1908 Oak Terrace Lane, Newbu- 
ty Park, CA 91320, 805-499-0610 circle no. 311, p. 42 


ADVERTISERS 


Korea Telecom, 100 Sejongno, Chongno-gu, Seoul 110777, Korea, 
(82+2) 750 3084 circle no. 202, p. 25 
MIL 3 Inc. , 3400 International Dr., N\W., Washington, D.C. 20008, 
202-364-8390 circle no. 201, p. 23 





IEEE SPECTRUM AUGUST 1991 











Other agencies 


(Continued from p. 20) 

Speaking before a briefing to the IEEE- 
United States Activities (IEEE-USA) at the 
National Press Club in Washington, D.C., in 
July 1990, Green added: ‘‘The problem is 
not [President Bush’s] ability to inspire, but 
rather that a manned Moon/Mars mission is 
not the right idea now.’’ 

Others are concerned by the possible 
domination of one major program over 
others. The future civil space program 
should consist of ‘‘a balanced set of five prin- 
cipal elements’’—of which the human explo- 
ration of Mars preceded by a space station 
and an exploration base on the moon is only 
one, concluded the report of the Advisory 
Committee on the Future of the U.S. Space 
Program, chaired by Norman R. Augustine, 
chairman of Martin Marietta Corp., Bethes- 
da, Md. 

Reporting to NASA Administrator Richard 
Truly in December 1990, the Augustine 
committee said the other four elements 
should be a strong space science program, 
a mission to planet earth focusing on en- 
vironmental measurements, expanded de- 
velopment of technology, and a robust space 
transportation system. 

Furthermore, the committee states, 

‘« ..any program with the ultimate, long- 
term objective of human exploration of Mars 
should be tailored to the availability of 
funding—and not to some fixed date for ac- 
complishment.”’ 
ENGINEERS OPPOSE STATION. The Au- 
gustine committee is not alone in its views. 
On June 7, the IEEE-USA Technology Poli- 
cy Council issued a statement calling on the 
USS. Senate to oppose the full funding for the 
space station and, instead, support a scaled- 
back version costing less than US $10 bil- 
lion for biomedical and psychological re- 
search into the effects on human beings of 
prolonged exposure to microgravity. 

‘A larger expenditure would seriously de- 
tract from other important civilian space pro- 
grams, such as communications and remote 
sensing,’’ the IEEE-USA council group 
reported. 

The reinstatement of the space station 
funding was predicated on the delay of at 
least two unmanned space science projects. 
One is a large X-ray telescope that was 
scheduled to be launched in the late 1990s, 
and the other is a probe that will visit an as- 
teroid on its way to a comet. 

It has also come head to head with the pro- 
posed Earth Observing System (EOS), a 
proposed multidisciplinary and internation- 
al effort to understand and monitor for the 
first time all of the earth’s environmental 
systems. EOS is projected to be almost as 
expensive as the space station: some $30 bil- 
lion over its 15-year life cycle. “‘[The] space 
station, coupled with EOS, cannot be fit into 
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get,’ said the House subcommittee chair- 
man, Representative Robert Traxler 
(D-Mich.). 

“‘T really believe we’ re seeing the final end 
of the Apollo era,’’ said John Logsdon, direc- 
tor of the Space Policy Institute at George 
Washington University in Washington, D.C. 
‘The space shuttle and the space station 
were attempts by NASA to re-create Apol- 
lo without recognizing the changed en- 
vironment. 

“The program needs to be reconstruct- 
ed [in a form] appropriate to the 1990s and 
beyond—and one that I think is not appropri- 
ate is Apollo.’’ In support of his position, 
Logsdon pointed out that the Augustine com- 





mittee report calls for ‘‘reducing expecta- 


Agencies and their missions in 


TCE Leta 


tions to the level of priority society is will- 
ing to accept.”’ 

Those who compare Bush’s Space Explo- 
ration Iniative with the Kennedy moon race, 
however, ‘‘have missed the whole point,”’ 
asserted Lieutenant General (Retired) James 
A. Abrahamson, former NASA Associate 
Administrator for Space Flight, 1979-81. He 
feels the main thrust of Bush’s 1989 speech 
was expressed in the objective ‘‘to live and 
work in space.”’ 

In Abrahamson’s interpretation, the space 
station, returning to the moon, and going on 
to Mars are ‘‘milestones of a space infras- 
tructure that will play an increasingly impor- 
tant role for all of us on earth in the next 
century.”’ 








the U.S. space program 






for space, SLT 


CS for space, 
US dollars millions of 
ENC (year) US dollars 





Department of 
Defense 





National 
Aeronautics and Space 
Administration 


261 
(1959) 


50.7 
(1962) 


Department of 
Commerce 





3 
Department of Energy : 
Department of 23.4 
Agriculture 


Department of the 
Interior 


0.5 


; 3.5 
(1987) 


Department of 
Transportation 


Arms Control and 
Disarmament Agency 


Department of State 


Environmental 
Protection Agency 





National Science 
Foundation 


(1959) 


STE UC USS 


Develops the National Launch System heavy lift booster 
jointly with the National Aeronautics and Space Adminis- 
tration (NASA); researches and develops the Strategic De- 
fense Initiative (SDI); and operates the Defense Satellite 
Commmunications System (DSCS) and the Defense 
Meteorological Satellite Program (DMSP) 


Researches, develops, and operates technology for the 
space shuttle, space station, interplanetary probes and or- 
biting astronomical observatories, space and earth sciences 
and their applications, and manned and unmanned space 
exploration; encourages commercial space programs, tech- 
nology transfer to universities and industries 


Oversees both polar-orbiting and geostationary operation- 
al weather satellites; administers the land remote-sensing 
program (which is conducted by Earth Observation Satel- 
lite Co., Lanham, Md.); and helps develop tele- 
communications policy for the use of geostationary orbits 


Develops nuclear electric power reactors for U.S. earth- 
orbiting and interplanetary spacecraft, and provides in- 
strumentation for space-based monitoring of nuclear 
weapons test ban 


Conducts applications research on space-based systems 
for monitoring, assessing, and managing agricultural and 
forest resources, and impact analysis on droughts and 
floods 


Maintains remote-sensing resource data archive; uses 
remote-sensing data to inventory, monitor, and manage nat- 
ural resources; assists various countries in remote sens- 
ing and geographic information systems; and has helped 
develop interplanetary spacecraft sensors and produced 
maps of planets and satellites 


Through the Office of Commercial Space Transportation, 
oversees and coordinates the U.S. commercial space trans- 
portation industry by issuing launch licenses, establish- 
ing insurance requirements, and researching policy issues 


Represents the United States in arms control negotiations, 


including those of space weapons systems 


Advises the President on international space matters, is 
responsible for evaluating and advancing U.S. foreign policy 
interests in the context of space activity, and represents 
the United States in international negotiations concerning 
space issues 


Conducts research and technical support using satellite re- 
mote sensing as part of an overall environmental monitor- 
ing program 

Supports academic research in atmospheric sciences and 
ground-based astronomy 
























Smithsonian Conducts basic research and public education on astrono- 
Institution my and space-related topics 





U.S. Information 
Agency 





Disseminates information about U.S. achievements in space 


to other countries 


the shrinking discretionary domestic bud- Source: Aeronautics and Space Report of the President: 1988 Activities, NASA, 1990 
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Ns al Red THE US. IN SPACE: PART 3 


The anatomy of NASA 


NASAS iniernal technical 
and management troubles 
can be fixed—but some 
of the solutions being 
proposed are radical 


nternal issues within the 
National Aeronautical and 
Space Administration that, 
until recently, had been 
widely discussed but large- 
ly consigned to the realm of 
anecdote have been 
brought out by several re- 
cent reports. Notable among those issues 
were the decline of NASA's in-house tech- 
nical expertise, institutional aging, inter- 
center rivalry, and the balance between risk 
and excellence. 

LESS TECHNICAL. ‘‘There is widespread 
agreement within NASA that the agency has 
lost too much of its in-house technical capa- 
bility, that its employees do not have the op- 
portunity to do as much ‘hands on’ work as 
they want, that NASA still turns over too 
much of its basic engineering and science 
work to contractors,’’ concluded Howard E. 
McCurdy, professor at the School of Public 
Affairs at American University in 
Washington, D.C. 

In an analysis published in the 
November 1989 issue of Space Policy, 
McCurdy pointed out that during the 
Apollo era ‘‘the desire of the NASA 
technical cadre to maintain its own 
capability reinforced faith in the impor- 
tance of a ‘hands on’ organization, one 
in which government scientists and en- 
gineers laboured at workbenches rather than 
behind desks.”’ In that environment, ‘‘fund- 
ing, procurement regulations, paperwork 
and central clearance were secondary to 
problem solving.’’ In spite of the huge ex- 
pansion in contracting for engineering and 
manufacturing for Apollo, during the 1960s 
NASA officials treated service contracts as 
“occasional departures from the general 
norm that government provide such services 
in-house,’’ McCurdy observed. 

With the first deep post-Apollo funding 
cutbacks, however, contracting out was 
turned more into a way of life. Contract em- 
ployees were even put in charge of all major 
space shuttle launch operations. 

In a 1988 survey McCurdy distributed to 
a random sample of 800 NASA professional 
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employees, ‘‘fewer than 4% of the profes- 
sional workforce reported that they spent 
most of their work week ‘working in a 
laboratory, test facility, control or tracking 
center, training astronauts, or working on 
space flight or aeronautics hardware.’ ”’ 
Meanwhile, 76 percent responded that they 
“‘spent most of their work week like other 
government bureaucrats, ‘working at a desk 
in an office.’ ’’ In short, ‘‘The NASA of the 
1980s became as a result a very different or- 
ganization from the NASA of the 1960s— 
much older, more bureaucratic, with much 
less in-house technical capability.’’ 
NUMBERS CONFIRM. McCurdy’s results were 
corroborated by a two-volume study titled 
Maintaining the Program Balance, conduct- 
ed by the National Academy of Public Ad- 
ministration in Washington, D.C., for NASA 
Administrator Admiral Richard Truly. Pub- 
lished in January, it summarized the results 
of a survey of 72 current and former senior 
NASA managers and 1567 upper-level NASA 
scientists and engineers on the distribution 
of science and engineering work between 
NASA and its contractors. 

“The panel concludes that NASA's in- 
house technical capability is eroding and is 
in need of rebuilding,’’ the report stated— 
a conclusion with which the surveyed NASA 
and contractor managers agree ‘‘by a ratio 





of four to one.’’ The NAPA study confirmed 
that an increasing number of engineers and 
scientists are monitoring contracts instead 
of working with hardware. 

Part of the evidence for that is in the num- 
bers: while NASA's in-house population of 
scientists and engineers has remained be- 
tween 11 500 and 13 000 since 1972, be- 
tween 1987 and 1990 the population of con- 
tractor scientists and engineers has doubled 
from about 6500 to 13 000. In fiscal 1989, 
contracting consumed 88 percent of the 
NASA budget, or more than US $10 billion. 

The evidence is also in the sentiment of 
NASA personnel. The NAPA study quoted 
one engineer as saying that NASA engineers 
are not as sensitive to hardware as they 
should be because ‘‘they are absorbed in 
program status presentations and don’t get 








Age profile of NASA’s permanent employees 
Age 
Under 
25 
25-39 
30-34 
35-39 
40-44 
45-49 
50-54 
55-59 
60+ 








Percent 0 2 a 6 8 10 12 14 16 18 
Source: National Aeronautics and Space Administration 


Bimodal (two-peaked) age distribution of per- 
manent employees of NASA shows that over 
the past decade, the distribution of age and ex- 
pentence at NASA has moved from a maximum 
share within the 35-50 age bracket—from 
which NASA draws tts senior managers—to 
maxima at 25-29 and 45-59 years. Based on 
historical attrition rates, NASA will lose half 
its senior managers this decade. 


any hands-on experience beyond the utili- 
zation of copying machines.’’ Another en- 
gineer was quoted as saying: ‘‘Once en- 
gineers become contract monitors, not 
doers, the appeal of their jobs fade[s], 
unless opportunities for real direction 
are part of the monitoring effort.’’ 
The diminishing of in-house techni- 
cal capability also caused the NAPA 
panel to conclude that ‘‘NASA may be 
losing its ability to operate as a smart 
buyer of technical products and ser- 
vices, and to control and oversee that 
work in all technical respects.’’ Moreover, 
many scientific and engineering activities 
within NASA have been shifted from core 
R&D into ‘‘project management, flight pro- 
gram and research facility operations, and 
the fields of reliability, quality, and 
safety’’—a shift that the panel believes is 
“detrimental to the core science and en- 
gineering capabilities of the development 
centers.’’ The panel recommended that as 
many technical projects as possible be 
brought back inside NASA. 
PAY AND RESTRICTIONS. Both the 1990 Au- 
gustine committee on the future of the space 
program and the NAPA panel expressed con- 
cern over NASA's ability to attract ex- 
perienced technical personnel because of 
the disparity in salaries between employees 
in civil service and those in industry. A 1989 
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study of the Bureau of Labor Statistics indi- | showed that the director of one of the NASA | lower than those in industry, especially in 

cated that Federal employees averaged 28.6 | field centers was paid about half as muchas | high-cost-of-living areas—a problem partic- 

percent below those of the private sector. | a person with equivalent responsibilities in | ularly acute in science and engineering 
The Augustine committee cited an unpub- | industry. Even starting salaries for college | disciplines. 

lished NASA study of compensation, which | graduates in NASA are US $5000-$10 000 A second problem are recent conflict-of- 


Present and future technologies required for the Space Exploration Initiative 


Functional requirement | System characteristics | System options 
Propulsion 


Surface to low earth orbit Advanced chemical-fuel rockets (cryogenic liquids, non- 


cryogenic liquids, solids) 


For the moon, current propellants and systems; for Mars, 
nuclear thermal rockets, nuclear electric propulsion 


Not demonstrated by present systems 






High thrust, 150-250-metric-ton capacity 















Transfer orbit to the moon and Mars Restartable motors; stable, storable propellants; for 


Mars, very high specific impulse 


Throttleable; high reliability required; long-term 
cryogenic storage 













Insertion into planetary orbit and de- 
scent to surface 





Electric power 
Moon mission spacecraft 















Nuclear: presently 7 W/kg with radioactive thermoelectric 
generators 

Fuel cells: presently 250 Wh/kg 

Batteries: presently 20 Wh/kg 

Photovoltaic: presently 21 Wh/kg at earth 

Photovoltaic with storage batteries: presently 3 W/kg 
Photovoltaic with fuel cells: presently 0.7 W/kg on the moon; 
will need to be 3 W/kg on Mars 

Direct power transmission: no practical system available 


Manned: up to 30 kW for week(s); unmanned cargo: 
up to 5 kW for week(s) 


Manned: up to 20 kW for year(s); unmanned cargo: 
up to 5 kW for year(s) 


Habitat/laboratory: 30-100 kW; base: 100-1000 
kW; rovers: 100-4800 kWh per trip 


All systems reliability must be greater than 99 per- 
cent, with minimal support for continuous operation 















Mars mission spacecraft 









Moon and Mars mission surface ac- 
tivities 












Extravehicular activities 


Space suit Suit gloves must be reliable, mobile, flexible, com- | Current suit designs not adequate for long stays on the moon 
fortable, easily maintainable; their design affects | or Mars 





suit’s internal pressure, breathing gas mixture 


Life support systems 


Waste management Technology largely driven by closure of food cycle 
(recycling human and plant waste) 














Key research areas: plant growth techniques, food produc- 
tion, waste processing, contaminant control, and systems 
integration and control 


Distillation systems, thermoelectric integrated membrane 
evaporation, vapor compression, bioregenerative (plant- 
growth-based) systems 


Molecular sieve, chemical reactors (Bosch or Sabatier), di- 
rect carbon dioxide electrolysis 


Water recovery Organic and inorganic waste removal from multiple 
sources; must provide drinkable water 


‘Air revitalization Carbon dioxide reduction and removal; oxygen 
generation; trace-contaminant control 

Planetary surface systems 
Habitats Moon: six persons for week(s) to 18 for year(s); | Inflatable and rigid structures 
Mars: six for month(s) to 18 for year(s) 
Radiation protection, simple maintenance essential 


Rovers and walkers 25-100-km radius for several-day missions Sensors, software 


Robots Teleoperated; require data rates over 500 megabits | Very high-definition stereo television (10 000-line TV) 
per second, resolution 30 arcseconds at center; 
user-friendly, dependable, and rugged 











Site characterization 
Stereo visual imaging 











Achieved with present technology 


Local maps with 1-meter resolution; global maps 
with 10-100-meter resolution 


Multispectral imaging, chemical, and evolved gas 
analyses 







Spectrometers, electromagnetic sounders, gas chromatog- 
raphy, surface penetrators 


Resource characterization 






Spacecraft 


Low-earth-orbit personnel shuttle and 
heavy lifter 


Moon and Mars transfer vehicles, cargo 
transfer vehicles, landers 


Spacecraft designs limited by materials properties | Current spacecraft designs based on aluminum and titanium 


and fabrication methods 


Minimal on-orbit assembly, maximum crew safety, 
radiation protection 










Light alloys, metals, ceramics, polymer matrix composites 
need development; radiation shielding possibilities include 
water, magnetic, and electrostatic 


Communications, control, navigation 


Mission control, science data return, Moon: downlink 350 Mb/s, uplink 250 Mb/s Present interplanetary navigation systems cannot adequately 
radiometric support for navigation ; Mars: downlink 20 Mb/s; uplink 10 Mb/s support real-time Mars navigational requirements; options 
Navigation: 10 meters accuracy include optical bands, phased-array antennas, multibeam 
: ; antennas, millimeter-wave integrated circuitry, expert sys- 

Driven by imagery data rates tems, neural networks, data compression techniques 








Source: America at the Threshold, Report of the Synthesis Group on America’s Space Exploration Initiative, May 1991 
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interest restrictions on the type of work Fed- 
eral employees may accept after leaving 
Government service. The Augustine com- 
mittee noted cases where in part because 
of the restrictions, individuals refused to 
consider an executive-level position at 
NASA and a number of other ‘‘extraordinar- 
ily talented NASA employees have elected 
to terminate their government service.’’ 

“Even more acute problems for NASA’ 
are presented by ‘‘[t]he difficulty of remov- 
ing civil servants who are not performing up- 
to-standard work,’’ the report said, limiting 
the agency’s ‘‘ability to recruit new talent 
to meet future challenges.’’ 

The Augustine committee also noted a 
““bimodal’’ age distribution of NASA em- 
ployees —that a disproportionate number 
are either within 10 years of retirement or 
are relatively newly hired, leaving a dip in 
“the pool of talent in the 35-49 year brack- 
et, from which future senior managers are 
usually drawn’ [see figure, p. 46]. 
POLITICS PREVAILS. Further, the Augustine 
report directly noted the resistance of the 
various NASA centers to supporting one an- 
other or to taking direction from headquar- 
ters in Washington, D.C.—a reluctance that 
also concerned the Rogers Commission in- 
vestigating the Challenger accident. Al- 
though NASA managers have been trying 
““to redress these long-building trends,’’ the 
Augustine report said, ‘‘much remains to be 
accomplished in this most difficult of 
management challenges, a cultural shift.’’ 

The NAPA study also noted that a num- 
ber of NASA employees were concerned 
that the agency is ‘‘increasingly driven by 
the motivations, interests, and strategies of 
managers, industry representatives, and 

politicians who dominate decisions’’ rather 


Historically, Bush's 1989 Space Exploration Initia- 
tive to the moon and Mars did not create a new pro- 
gram so much as get the country back on track of 
a long-standing one, first laid out by NASA's Office 
of Program Planning and Evaluation in The Long 
Range Plan of the National Aeronautics and Space 
Administration, Dec. 16, 1959: *: . .[T]}he manned 
space flight program, the space vehicle development 
program and the program of unmanned lunar and 
planetary exploration are all oriented toward the ul- 
timate objective of manned flight to the moon and 
the nearby planets.” 

That goal was affirmed in September 1969 by Vice 
President Spiro T. Agnew’s Space Task Group Re- 
port to the President, The Post-Apollo Space Pro- 
gram: Directions for the Future: ‘As a focus for the 
development of new capability, we recommend the 


United States accept the long-range option or goal 


of manned planetary exploration with a manned 
Mars mission before the end of this century ...”” 

In March 1986 that aim was reaffirmed by Tho- 
mas Q. Paine’s National Commission on Space, 
whose report Pioneering the Space Frontier said 
“the Commission recommends a new direction 
for our civilian space program that we believe will 
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Artist’s conceptual painting of a manned spacecraft drifting toward Mars shows one possible 
design incorporating a nuclear electric power generating system under development by General 
Electric Co. under contract to the U.S. Department of Energy (DOE). The 100-kW system, 
called the SP-100 reactor, converts heat generated within a compact high-temperature nucle- 





ar reactor directly into electricity through the use of thermoelectric cells. 


than by the interests and demands of the 
scientific and engineering communities and 
the public. ‘‘Most prominent among opin- 
ions’’ of those surveyed ‘‘was the belief that 
selling of programs’’ to politicians ‘‘has led 
to competition among centers to enlarge 
their own budgets and loyalty to particular 
centers rather than to NASA as a whole,’’ 
wrote the NAPA panel. 

“The centers are competitive in that 
they’re all chasing the same set of dollars. 
So they tend to be somewhat parochial and 
secretive and cooperation is difficult,’’ ex- 
plained former NASA Administrator James 
Beggs. ‘‘The same thing exists in large 
American corporations between divisions. 
They don’t want to accept what another cen- 
ter has made, or work closely together, so 
they duplicate effort.’’ 


advance the broader goals of 21st-century Ameri- 
ca: To lead the exploration of the space frontier. . . [to] 
support human settlements beyond Earth orbit, from 
the highlands of the Moon to the plains of Mars.” 

All but the 1959 plan called for a permanent space 
station in low earth orbit to examine the effect of 
long-duration weightlessness on living organisms, 
a space shuttle to ferry people and supplies from 
the earth to the space station and back, and per- 
manent colonies on the moon both to mine local 
resources for earth and to test out vehicles and other 
systems for use on Mars. 

In fact, President John F. Kennedy's 1961 call to 
go directly to the moon was the aberration in short- 
cutting past the original plans for a space station. 
And the space shuttle seemed to have no purpose 
for years because in the early 1970s, when a Mars 
mission was politically unacceptable, the shuttle was 
cut free from the goal of serving a space station. 

“There's always been a long-range plan,” 
remarked Jerry Grey, director of science and tech- 
nology policy for the American Institute of Aero- 
nautics and Astronautics, headquartered in Washing- 
ton, DC. ‘There just hasn't always been a com- 
mitment to it.” —TE.B and K.E. 
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In Beggs’s view, the cure is ‘‘a strong cen- 
tralized management organization to bind 
them together, to make sure things fit’’— 
which Brigadier General Samuel Phillips, 
Apollo program manager in the 1960s, did 
from NASA headquarters in coordinating the 
mission to the moon. But, Beggs said, ‘‘it’s 
very hard to create that today. Congress is 
jealous of maintaining manpower control, 
and won't let the agency expand in Washing- 
ton D.Cz.. 

Others disagree. ‘‘I think the issue of in- 
tercenter rivalry is overstated,’’ said form- 
er NASA Associate Administrator James A. 
Abrahamson. ‘‘Every center is capable, but 
has its own mission.”’ In his view, the more 
pressing problem is the new laws restrict- 
ing the salaries of civil service employees. 
PERSPECTIVE ON TROUBLES. ‘‘Our [technical] 
failures are coming not from unknowns, but 
from knowns,”’ said veteran space journalist 
Alcestis Oberg in Dickinson, Texas. She 
pointed to the misshaping of the Hubble 
Space Telescope mirror after many large 
mirrors of the same design had been figured 
for ground-based telescopes. With the stand- 
down of all space flight for 2-1/2 years after 
the Challenger accident, NASA ‘‘had years 
to look at it.’’ Moreover, she added, errors 
in manned space flight are particularly seri- 
ous: ‘‘there is death waiting out there. 
There is no excuse for poor quality control.’’ 

“‘We are not perfect, but considering the 
scientific and technical realm within which 
we operate and the ever attendant inherent 
risks, we do very well by most standards of 
success,’’ observed NASA Assistant Dep- 
uty Administrator John E. O’Brien. 

The Augustine committee pointed out that 
“even with an objective of perfection, such 
challenging undertakings entail risk.’’ But 
it expressed concern that ‘‘as a nation, we 
are becoming risk averse.’’ ‘‘Success should 
be sought, and prized when achieved, but 
not always expected,’’ the committee 
wrote. “‘If it is expected, people will stop 
taking chances, and. . . nothing great will be 
accomplished.”’ 
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Sn Oal ened 


The international context 


Advice to the United States 
from overseas: know 

what you want, commit 
lo the end, and dont 
strand global partners 


s NASA still the world lead- 
er? Yes. The undisputed 
leader? No,’’ declared 
former National Aeronau- 
tics and Space Administra- 
tion (NASA) Associate Ad- 
ministrator James A. 
Abrahamson. ‘‘NASA is 
still premier as a generator of technology and 
vision. But its position in world space activi- 
ties is being challenged in some areas. Fur- 
ther, our national leadership is also depen- 
dent on the capability of American industry, 
which is also under attack,’’ said Abraham- 
son, who is now executive vice president for 
corporate development at Hughes Aircraft 
Co., Los Angeles. 

The European Space Agency (ESA) is al- 
most as old as NASA, if its origin is dated 
back not to its 1975 incorporation but to the 
1964 birth of its predecessor organizations, 
the European Space Research Organization 
(ESRO) and the European Launcher De- 
velopment Organization (ELDO). 

The ESA of today is less than 10 percent 
the size of NASA, with 1900 employees 
compared with 24 000. It does limited in- 
house engineering, the majority of such 
hardware work being carried out under con- 
tract in European industry except for accep- 
tance testing of satellites, batteries, and 
components. 

Japan’s space agencies are even older. 
Since the 1950s, the Ministry of Education’s 
Institute of Space and Astronautical Science 
(ISAS)—the arm of Japan’s space program 
responsible for space science and 
exploration—has developed small scientif- 
ic satellites. 

Since 1969, the National Space Develop- 
ment Agency (Nasda), which oversees space 
applications, has developed and operated 
launch vehicles for communication, broad- 
casting, meteorological, and earth-resources 
observation satellites. The Japanese space 
agency is now training astronauts for manned 
space flight and has flown a journalist aboard 
the Soviet space station Mir. 

“It’s more efficient to operate on a mul- 
tiyear appropriation’ ’—that is the big lesson 
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the European and Japanese experience holds 
for NASA, at least according to Ian Pryke, 
head of ESA’s Washington, D.C., office. 
LESSONS FROM ABROAD. For example, in 1987 
the ESA Council agreed that the new Ari- 
ane 5 launch vehicle should take eight years 
to develop. So the council committed to the 
full eight-year appropriation, Pryke said, cal- 
culating up front the complete cost for finish- 
ing and testing through the pre-operational 
phase. The first launch of the Ariane 5 is ex- 
pected in 1995. 

In addition, ESA allows a modest cost 
overrun, which for the Ariane 5 is 20 per- 
cent over the projected cost. If run-out costs 
exceed this ceiling, then the nations through 
ESA can decide whether to raise the ceil- 
ing, lower the program’s sights, or end the 
program, Pryke said. 

But in the United States, with its annual 
appropriations process, Pryke pointed out 
“‘the horizon is never longer than a year. 
And you continually have to revisit what 
you’re doing—that is a costly waste of 
manpower.”’ 

Multiyear funding is not a new concept in 
the United States. In its 1986 report to then- 
U.S. President Ronald Reagan, the Nation- 
al Commission on Space chaired by Thomas 
O. Paine recommended ‘‘Multi-year 
procurements to replace year-by-year fund- 
ing with firm decisions that eliminate annu- 
al changes...’’ The Augustine committee on 
the U.S. space program’s future also pro- 
posed multiyear funding in its report last De- 
cember. 

According to NASA's Assistant Deputy Ad- 
ministrator John E. O’Brien, the space agen- 
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In 1990, the U.S. Department of Defense’s 
budget for space technology and operations 
was significantly larger than the budget of the 
National Aeronautics and Space Administra- 
tion, and both are still the largest in the world. 
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cy itself is in agreement ‘‘that multiyear po- 
litical and fiscal underpinnings for space 
programs is essential in order to assure basic 
stability and enable prudent planning.’’ 

The United States may be moving in that 

direction, even if it is with glacial speed. For 
example, the Endeavour—the replacement 
orbiter for the Challenger—was budgeted at 
US $2.1 billion, which was given to NASA 
in a lump sum in 1987 for completion this 
year. It came through on schedule and $300 
million below budget. 
HONOR THY NEIGHBOR. A multiyear commit- 
ment guarantees continuity for internation- 
al partners as well. A low point in ESA-NASA 
cooperation was reached in 1981, ESA’s 
Pryke observed, when NASA abruptly ter- 
minated its spacecraft in the International 
Solar-Polar Mission, a joint program with 
ESA to study the sun. 

NASA and ESA each were supposed to 
build identical spacecraft that would be 
launched together out toward Jupiter; in a 
gravitational slingshot maneuver around the 
large planet, the two spacecraft would be 
flung back around the sun, one over the 
north pole and one over the south pole, to 
study both spatial and temporal differences 
in the solar wind and magnetic fields. But 
in a budget battle, NASA unilaterally delet- 
ed its spacecraft. (ESA’s single craft, re- 
named Ulysses, was launched last year by 
NASA as part of a continuing cooperative 
program.) 

Similarly, during a 1989 budget battle, 
NASA started revising the space station 
unilaterally, upsetting all the non-U.S. part- 
ners, Pryke said. But the House subcom- 
mittee’s cancellation in May of the funds for 
the space station stirred up the internation- 
al partners to the point of sending blunt 
threats. 

Japan, through Nasda, was to supply a $2 
billion space laboratory to be attached to the 
station for use of all the international part- 
ners, and had already spent some $300 mil- 
lion on developing the Japan Experiment 
Module. So in May the Japanese Govern- 
ment warned the United States that if the 
space station were killed, Japan could pull 
its promised billions of dollars out of other 
multinational U.S.-led megaprojects, such as 
the jointly sponsored superconducting su- 
percollider. 

The importance of maintaining pledged 
faith with its international partners is fully 
realized within NASA. ‘‘I wholeheartedly 
agree that the United States should honor 
its international agreements for space pro- 
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The Ulysses spacecraft, built by the European Space Agency (ESA), 1s 
tested at the European Space Technology Center (ESTEC) in the Nether- 
lands before being launched by NASA last year. Ulysses was onginally 
one of two identical spacecraft, one of which was to be built by ESA and 
the other by NASA, to be launched into polar orbit around the sun. In 
1981, NASA eliminated the funding for its spacecraft. 


gram such as the Space Station Freedom,”’ 
said NASA's Assistant Deputy Administra- 
tor O’Brien. 
KNOW GOALS. ‘‘Is there a European ration- 
ale for going to the moon? What can we do 
on the moon that we can’t do on the earth?’ 
asked Pryke. ‘‘We won't do it just because 
the United States is doing it,’’ he said. Only 
when those questions are answered will ESA 
feel equipped to negotiate a cooperative pro- 
gram, he said. 

Such a goal-oriented approach is some- 
what different from the official U.S. ap- 
proach. ‘‘NASA’s advanced planning is more 


ing and demonstrating new economic 
benefits for the Earth,’’ observed | 
David Criswell, director of the Univer- | 


Systems Operations in Texas. 

To change that emphasis, Vice Presi- 
dent Quayle’s Synthesis Group ‘‘tried 
to focus on overriding reasons for going | 
into space instead of focusing on things 
like the shuttle and space station,”’ said the 
group’s technical evaluator Stewart Nozette. 
In assessing alternative approaches for im- 
plementing Bush’s Space Exploration Initia- 
tive, the Synthesis Group tried to ‘‘come up 
with fundamental objectives’ for going to 
the moon or Mars, said Nozette. 

Some of those objectives, outlined in 
the group’s report in June, include discover- 
ing new sources of energy, searching for 
earthlike planets around other stars, and 
determining whether life ever existed on 
Mars. Only then did the Synthesis Group 
work backwards to examine what kinds of 
technologies would be needed in order to ac- 
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complish those goals, Nozette said. 
Knowing goals also means setting top pri- 
orities. But NASA has often been forced to 
dip into the reserve funds for scientific re- 
search projects to help finance space shut- 
tle cost overruns, and the tendency seems 
to be carrying over to the space station, as 
indicated by the House’s reinstatement of 
funding. 
R&D VERSUS OPERATIONS. This behavior has 
reawakened old questions about whether 
NASA should further separate scientific 
research and development from daily oper- 
ations. 


want to go to 





In Europe, ESA pursues R&D through the 
preoperational design and development of 
launch vehicles and satellites. When a pro- 
gram has come of age operationally, it has 
been handed off to an independent organi- 
zation, which has sometimes been set up for 
the task. Examples are Arianespace for 
launches, Eumetsat for the operation of 
meteorological satellites, Eutelsat for the 
operation of telecommunications satellites, 
and SPOT Image Corp. for the operation of 
land remote-sensing satellites. ESA’s pro- 
gram for building maritime communications 
satellites also contributed two of them to the 
first-generation space segment of the Inter- 











The Japanese Experiment Module, to be built by the National Space 
Development Agency of Japan (Nasda), is designed to attach to the 
U.S. Space Station Freedom. According to Nasda’s agreement with 
NASA, every country that intends to use the space station for scientif- 
ic or engineering research will also be able to install its experiment 
equipment into standard racks inside the module. 


national Maritime Satellite Organisation (In- 
marsat). 

The United States has separated opera- 
tions from R&D to a degree. Communica- 
tions satellites were spun out of NASA to 
Comsat Corp., Washington, D.C., in 1965, 
meteorological satellites to the National 
Oceanic and Atmospheric Administration in 
1984, land remote-sensing satellites to the 
quasi-commercial organization Earth Obser- 
vation Satellite Co. (Eosat), Lanham, Md., 
in 1984, 

Moreover, the operation of the Delta, 
Atlas, and Titan expendable launch vehicles 
has been turned over to the companies 
that originally built them (respective- 
ly, McDonnell Douglas Astronautics 
Co., General Dynamics Corp., and 
Martin Marietta Corp.) 

For at least a decade various in- 
terests have urged that the shuttle be 
managed by a separate agency. Some 
have contended that the present ar- 
rangement begs the question whether 
NASA is a research agency or an airline 
operating to a schedule. Others maintain that 
the shuttles, in spite of airline-like publici- 
ty in the 1970s, are still complex R&D ve- 
hicles. 

Most recently, the Augustine committee 
endorsed a 1988 recommendation by the Na- 
tional Academy of Public Administration, 
that NASA set up within itself an Associate 
Administrator for Space Flight Operations, 
to manage the space shuttle, certain expend- 
able launch vehicles, and tracking and data 
functions on the ground. Whether or not 
such an appointment will be made is still to 


National Space Development Agency of Japan 





be determined. 
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SPECIAL REPORT 3 aU MNES aC valine 


The future considered 


To remain competitive in 
space, the U.S. government 
must heed lessons from other 
countries and its own past— 
and set basic priorities 


n the debate over the direc- 
tion of the U.S. space pro- 
gram, some fundamental 
issues must be resolved if 
the United States is to re- 
main competitive for the 
1990s and beyond. 

Many experts, including 
the Augustine committee, feel that, for the 
U.S. space program to be viable over the 
long term, one major priority has to be 
meeting the nation’s most urgent, long-term 
needs: energy, international competitive- 
ness, employment, education, and environ- 
mental monitoring. Specific missions should 
be structured to meet specific needs. 

Indeed, some feel that the House Ap- 
propriations subcommittee’s killing of the $2 
billion for the space station was pitting space 
research against social programs, observed 
Marc Bensimon, NASA's deputy manager of 
the Space Station Freedom program and 
operations in Reston, Va. 

On the contrary, space activities can offer 
‘‘new ways to meet old needs’’ such as 
“‘providing new sources of cheap, clean elec- 
tric power,’’ said the University of 
Houston’s David Criswell. To explore tech- 
nical options, in May the Department of 
Energy sponsored a meeting on power from 
space. 

HOW MUCH IS RIGHT? The Federal govern- 
ment then needs to decide how much those 
goals are worth. 

One possibility is the ‘‘go as you pay”’ 
setup suggested in the Augustine report, 
whereby the nation decides each year how 
much money it can afford for space, and sets 
the size of the program and its date for com- 
pletion accordingly. Another is level-of-effort 
funding, in which annually the Administra- 
tion requests a relatively constant budget for 
NASA. ‘‘Space science has been operating 
on what amounts to a level-of-effort basis for 
many years,’’ said AIAA’s Jerry Grey. 

Regardless of the funding scheme, most 
sources agree that in the 1990s, a single-goal 
Apollo-style initiative is no longer appropri- 
ate nor is even possible, because there are 
a great many important space activities. 
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In addition, NASA must be honest up front 
with funding estimates. So far, NASA's ten- 
dency to underbid the initial cost—repeated 
since the early 1970s with the building of the 
space shuttle—has worked ‘‘because we 
keep giving them money,’’ said George 
Washington University’s John Logsdon. 
“‘They’ve not been penalized, so why 
change it?’’ The House Appropriations sub- 
committee’s removal of the funds for the 
space station may signal, for the first time, 
Congress’s hesitation that such a large proj- 
ect may be even costlier than expected. 
STOP POLITICAL GAMES. Many sources feel 
both the Federal government and NASA 
should consider changing certain political 
practices if the nation is to be best served. 

One is to minimize the effects of political 
patronage—often called ‘‘pork-barrel 
politics’’—in which regional politics in- 
fluence technical decisions. 

“‘The best way to fix the space station de- 
sign today would be to start over,’’ said 
Grey. ‘‘But you’d end up with pretty much 
the same design as before, because the [po- 
litical] environment in which the space sta- 
tion originated is still with us. It would still 
have to be built in five places because those 
are the districts of five Congressmen and Se- 
nators.’’ He added: ‘‘NASA did exactly what 
it was told to do: to make the space station 
all things to all people, otherwise it wouldn’t 
get the money.’’ The only way out is to 
“change the political environment,’’ he said. 
COMMIT TO THE END. One significant change 
would be to commit to each space project 
over many years to completion. 

“The parliamentary system tends to be 
a little better than a division-of-power sys- 


TO PROBE FURTHER 


The Augustine committee presented its recommen- 
dations in Report of the Advisory Committee On the 
Future of the US. Space Program, U.S. Government 
Printing Office, Washington, D.C., December 1990. 

John Logsdon analyzed the lack of overarching 
goals for the building of the space shuttle in “The 
Space Shuttle Decision: Technology and Political 


Choice,” Journal of Contemporary Business, Vol. 
7, no. 3, 1978, pages 13-29. He updated that analy- 
sis in “The Space Shuttle Program: A Policy Fail- 
ure,” published in Science, May 30, 1986. 

David Criswell and R.D. Waldron have outlined how 
space could be used to meet the energy needs of 
earth in the 179-page Report of NASA Lunar Energy 
Enterprise Case Study Task Force, NASA Technical 
Memorandum 101652, July 1989. 


tem, such as we have, because the execu- 
tive comes out of the Parliament and so it 
is the legislature,’’ said former NASA Ad- 
ministrator James Beggs. ‘‘But basically 
they just decide to do it. And we could de- 
cide to do it. The argument used against it 
is Congress doesn’t think they can commit 
future Congresses to a course of action. In 
truth, they just don’t want to do it.’’ 

Advice from other nations to the U.S. 

space program is: don’t alienate international 
partners—because on them rests the future 
of other large projects. 
REGAIN HIGH TECH. Since NASA is the lead 
agency in the multiagency U.S. space pro- 
gram, its technical culture must be ‘“beefed 
up,’’ said Beggs. That means attracting new 
engineers out of college ‘‘because new ideas 
come from young minds,”’ he said. 

Fostering NASA's technical capabilities 
may require repealing the ethics rules adopt- 
ed in the 1980s, which hinder people in in- 
dustry from moving to NASA and back again, 
as used to be common, and changing civil 
service regulations so that the best people 
could be paid the same as in industry. 

In addition, some fundamental lessons 
learned by the non-U.S. space agencies have 
to be relearned by NASA. For example, ‘‘We 
taught the Japanese how to do statistical 
quality control, and they beat our pants off 
because we forgot how,’’ Beggs said. 

Last, but far from least, ‘‘Developing 
science and technology are the foundation 
of national power, the wellspring of future 
economic activity,’’ Beggs said. In the Unit- 
ed States, the space program is a vital part 
of that. He added: ‘‘We could have a mag- 
nificent future if we don’t lose faith.”” 


For insights into psychology and perception, see 
two /EEE Spectrum articles by Trudy E. Bell and Karl 
Esch: ‘‘The fatal flaw in Flight 51-L,” February 1987, 
pp. 36-51, and “The space shuttle: a case of sub- 
jective engineering,” June 1989, pp. 42-46. 

The loss of technical expertise within the space 
agency is documented by Howard E. McCurdy in 
“The decay of NASA's technical culture,” Space Pol. 
cy, Vol. 5, no. 4, November 1989, pp. 301-10. His 
conclusions are corroborated by the National Acade- 
my of Public Administration's two-volume study 
Maintaining the Program Balance: A Report by an 
Academy Panel Examining the Distribution of NASA 
Scientific and Engineering Work Between NASA and 
Contractors and the Effect on NASA's In-House Tech- 
nical Capability, January, 1991. 
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IEEE Field Awards 


Among the recipients this 
year are experts in 
performance modeling 
optoelectronic devices, 
CMOS, and image sensors 


he IEEE gives field awards an- 
nually to acknowledge out- 
standing contributions to elec- 
trical and electronics engineer- 
ing. The IEEE’s Board of Direc- 
tors, after considering recom- 
mendations from the Awards 
Board, has chosen recipients for 
18 field awards for 1991. 

Generally presented to honor technical achieve- 
ment in a particular IEEE field, the awards consist 
of certificates, honoraria worth up to US $2000, and, 
in some cases, bronze medals. 

In the order of date presented—the first nine by 
May 13, the remainder from June through 
December—the 1991 awards go to the following 
20 recipients: 

The Cledo Brunetti Award to Hideo Sunami (SM) 
“for contributions in the invention and development 
of the trench capacitor DRAM cell.” 

e The Herman Halperin Electric Transmission and 
Distribution Award to John G. Anderson (LF) “‘for 
contributions to the insulation coordination of electric 
power transmission lines.” 

e The Koji Kobayashi Computers and Communi- 
cations Award to Stephen S. Lavenberg (F) and Mar- 
tin Reiser (F) “for fundamental contributions to the 
theory and practice of computer and communica- 
tions systems performance modeling.” 

e The Morris E. Leeds Award to David H. Auston 
(F) “for pioneering work on the generation and de- 
tection of ultrashort electrical pulses and their ap- 
plication to studies of optoelectronic materials and 
devices.” 

e The Frederik Philips Award to Gene Strull (F) “‘for 
outstanding accomplishment in the management 
of microelectronics and integrated circuit develop- 
ment and their applications to aerospace systems.” 
e The Emmanuel R. Piore Award to Joseph F. Traub 
(M) “for pioneering research on algorithms and com- 
putational complexity, parallelism, and optimal iter- 
ation theory, and for leadership in computing edu- 
cation.” 

e The Solid-State Circuits Award to Frank M. Wan- 
lass “for the invention of Complementary MOS 
(CMOS) Logic Circuitry.” 

e The Charles Proteus Steinmetz Award to Fletcher 
J. Buckley (SM) “for contributions to IEEE Computer 
Software Standards Activities.” 

e The Nikola Tesla Award to Michel E. Poloujadoff 
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(F) “for contributions to the theory of electrical ma- 
chinery and its application to linear induction 
motors.” 

e The Control Systems Science and Engineering 
Award to Roger W. Brockett (F) ‘‘for pioneering and 
innovative contributions to nonlinear control, stability, 
robotics, and control engineering education.” 

e The Harry Diamond Memorial Award to Harold L. 
Hughes (M) “for contributions and leadership in the 
field of radiation hardening of microelectronic 
devices.” 

e The Masaru !buka Consumer Electronics Award 
to Gilbert F Amelio (F) “for contributions to the de- 
velopment of charge-coupled device image sensors, 
leading to their near universal use in consumer video 
cameras.” 

e The Richard Harold Kaufmann Award to John R. 
Dunki-Jacobs (LF) ‘for contributions to the design 
and implementation of industrial power systems.” 
e The Morris N. Liebmann Memorial Award to Mor- 
ton B. Panish (F) “for outstanding contributions to 
the epitaxial growth of compound semiconductor 
materials and devices.” 

e The Jack A. Morton Award to Tak H. Ning (F) and 
Hwa N. Yu (F) “for contributions to the development 
of advanced bipolar and MOS devices.” 

e The Judith A. Resnik Award to Leslie J. Deutsch 
(M) “for contributions to the theory and practice of 
deep-space telecommunications and information 
processing.” 

e The David Sarnoff Award to Federico Capasso (F) 
“for pioneering contributions to heterostructure 
devices through the use of bandgap engineering 
techniques.” 

e The IEEE Award in International Communication 
to Jack M. Sipress (F) “for technical leadership in 
developing the first transoceanic fiber optic cable 
system.” 

EAE SRE TE IS EI LEE I OLS 
Hideo Sunami (SM), who received the Cledo 
Brunetti Award, is with the Semiconductor Design 
and Development Center of Hitachi Ltd., Tokyo. He 
joined Hitachi in 1969, became head of the compa- 
ny’s integrated circuits research department in 1987, 
and moved to his present position in August 1990. 
He described his work with the trench capacitor at 
the 1982 International Electronic Devices Meeting. 
Since then the trench cell has been used in com- 
mercially available dynamic RAMs of 1M bit and up 
and it is expected to be increasingly important in 
the development of DRAMs storing 64M bits and 
beyond. 

ESL AT EEN EE IT EET 
John G. Anderson (LF), who received the Herman 
Halperin Electric Transmission and Distribution 
Award, is a senior consultant with Power Technolo- 
gies Inc., Schenectady, NY. He spent 38 years of 
his career in various capacities with General Elec- 
tric Co., during which he served as technical direc- 
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tor of Project EHV and manager of Project UHV. He 
has published papers on the mechanism of dielec- 
tric breakdown in oil-immersed structures and on 
the development of the Monte Carlo method of light- 
ning analysis of transmission lines. He made major 
contributions to early research on the switching 
surge flashover performance of 500-kV and 765-KV 
transmission towers. 

LEE IETHER ABT ET 
Stephen S. Lavenberg (F) and Martin Reiser (F), 
who received the Koji Kobayashi Computers and 
Communications Award, worked together at IBM 
Corp.'s Thomas J. Watson Research Center, York- 
town Heights, NY. There, in the late 1970s, they in- 
vented mean value analysis, which has strongly in- 
fluenced both the theory and practice of computer 
and communication system performance modeling. 
Lavenberg is now senior manager of the systems 
analysis department at Yorktown Heights. Reiser is 
currently advising IBM on communication strategies 
while pursuing individual projects in cooperation with 
the Swiss Federal Institute of Technology in Zurich. 
He is the inventor of adaptive window protocols, 
which today are widely applied in local-area and 
wide-area networks. 

ERAS LPI ELE EEE ROT NS Re OE 
David H. Auston (F), who received the 
Morris E. Leeds Award, is chairman of the depart: 
ment of electrical engineering at Columbia Univer- 
sity, New York City. He had previously been on the 
technical staff of AT&T Bell Laboratories, Murray Hill, 
N.J., where he developed a new approach to the 
measurement of the high-speed properties of materi- 
als and devices, one that uses picosecond and fem- 
tosecond lasers to probe the electronic response 
of semiconductor materials, devices, and circuits. 
This measurement technique, known as ultrafast op- 
toelectronics, permits the generation and measure- 
ment of electronic signals with a time resolution as 
fast as 250 femtoseconds. 

PRETO LIL EL ELE IE LE NE CNS TE LIE IE IO ED EPL 
Gene Strull (F), who received the Frederik Philips 
Award, is the vice president-technology and general 
manager of the Advanced Technology Division of 
Westinghouse Electronic Systems Group, Baltimore, 
Md. He is responsible for the development and 
manufacture of advanced electronic components 
and for various technology initiatives. Included are 
very large-scale integration circuits, infrared and visi- 
ble sensors, monolithic microwave integrated circuits, 
and radiation-hardened electronic devices. He holds 
21 US. patents, including one for the first molecu- 
lar electronic device. He has published more than 
50 papers. 

LAL SL STILT BRIE TTT ETE ET 
Joseph F. Traub (M), who received the Emanuel R. 
Piore Award, is chairman of the computer science 
department at Columbia University, New York City. 
He began his research on computational complex: 
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ity in 1959 while at AT&T Bell Laboratories. More re- 
cently his investigations have included the power 
and limitations of randomization and the implica- 
tions of the intractability results of theoretical com- 
puter science for computational science. He is the 
author or editor of eight books and 100 journal arti- 
cles and is the founding editor of the Journal of Com- 
plexity. 

Frank M. Wanlass, who received the Solid-State 
Circuits Award, is chief scientist at Standard 
Microsystem Corp., Cupertino, Calif., where he is 
developing ultrahigh-speed CMOS circuits using sili- 
cide technology. While at Fairchild Semiconductor 
Research and Development in the early 1960s, he 
invented the concept of CMOS logic and constructed 
CMOS logic circuits out of discrete p- and n-MOS 
transistors. Wanlass discovered the main cause of 
MOS threshold instability to be sodium contamina- 
tion and solved the problem with electron beam alu- 
minum evaporation. 





Fletcher J. Buckley (SM), who received the Charles 
Proteus Steinmetz Award, has been a software en- 
gineering manager since 1975 at RCA Corp. and after 
the takeover at General Electric Co. In 1976 he served 
on the original committee that founded the Software 
Engineering Standards Committee of the IEEE Com- 
puter Society and later became its chair. 
He was later chair of the IEEE P370 stan- 
dards working group and the first Com- 
puter Society vice president for stan- 
dards. As a member of the IEEE 
Standards Board, he was in- 
strumental in initiating the thrust 
toward transnationalization of 
IEEE standards and produced 
the IEEE Standards Board pub- 
lication, ‘A Guide to IEEE Stan- 
dards Development.” 





Michel E. Poloujadoff (F), who received 
the Nikola Tesla Award, has been a profes- 
sor at the Institut Polytechnique in Greno- 
ble, France, for 25 years. He contributed 
to the analysis of induction machines, de- 
veloped modern approaches to the model- 
ing of squirrel cages, and defined the basis of 
the first entirely three-dimensional analysis of large 
transformers. In recent years, his efforts have focused 
on the practical application of Floquet’s theorem, 
which is related to periodic coefficient differential 
equations such as electric machine equations, and 
on the theory of optimization of electrical machines. 





Roger W. Brockett (F), who received the Control 
Systems Science and Engineering Award, is Gor- 
don McKay Professor of Applied Mathematics, Har- 
vard University, Cambridge, Mass. Since 1983 he 
has devoted most of his research to aspects of in- 
telligent machines: robotics, computer vision, and 
real-time control. During this period, he has been 
instrumental in initiating efforts to expand the op- 
portunities for undergraduate engineering at Har- 
vard, including the development of teaching and re- 
search laboratories for robotics and engineering 
design. 

Harold L. Hughes (MM), who received the Harry Dia- 
mond Memorial Award, is section head at the Naval 
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Research Laboratory, Washington, D.C., where he 
has worked since 1960. During the early 1960s, he 
discovered the vulnerability of MOS devices to ioniz- 
ing radiation. Since then he has worked to find tech- 
niques to ameliorate these deleterious effects in suc- 
ceeding generations of MOS integrated circuits. His 
present radiation-hardening efforts are focused on 
submicrometer silicon-on-insulator technologies. He 
is exploring new techniques for hardening separa- 
tion by the implantation of oxygen (Simox) and bond- 
ed and etched-back silicon on insulator (Besoi) 
structures. 





ron BR: EARNER INE RE ES ALEC IT 


Gilbert F. Amelio (F), who received the Masaru 
lbuka Consumer Electronics Award, is president and 
chief executive officer of National Semiconductor 
Corp., Santa Clara, Calif. His co-invention of the in- 
dustry’s first charge-coupled device in 1969 made 
possible solid-state image sensing and signal pro- 
cessing. He was instrumental in the development 
of area image sensors, the linear image sensors, 
and very: ‘low- ‘light level video cameras. 


SMES BEL REE AIOE, 





John R. Dunki-Jacobs (LF), who received the 
Richard Harold Kaufmann Award, retired from Gener- 
al Electric Co., Schenectady, NY., in 1984 after 30 











years with the compa- 
ny. He then established In- 
dustrial Power Systems Inc., 
now located in Lynden, Wash. He was responsible 
for the installation of the first industrial application 
of a 43-km, 35-KV submarine cable serving an off- 
shore platform in the Persian Gulf. In 1967 he pilot: 
ed the development of the first GE digital short-circuit 
program for industrial systems. A year later he pi- 
oneered a complex digital computer program to 
coordinate overcurrent protective devices. 





Morton B. Panish (F), who satis the van N. 
Liebmann Memorial Award, is a member of the tech- 
nical staff at AT&T Bell Laboratories, Murray Hill, N.J. 
In 1970 Panish and Izuo Hayashi presented the first 
experimental evidence for 300-K continuous wave 
operation of a (heterostructure) injection laser. In the 
1970s he emphasized liquid phase epitaxy, but in 
1978 he began an approach to molecular beam 
epitaxy that would permit the growth of complex InP- 
based heterostructures. By 1980 he succeeded in 
demonstrating that molecular beam epitaxy could 











be ponieved with nonelemental SOUICES. 
Tak H. Ning (F) and Hwa N. Yu (F), who received 
the Jack A. Morton Award, are both employed at 
the IBM Thomas J. Watson Research Center, York- 
town Heights, NY. Ning is manager, very large-scale 
integration (VLSI) design and technology; Yu is pro- 
gram manager, silicon technology. Together they in- 
vented, demonstrated, and published the most ad- 
vanced polysilicon self-aligned bipolar device struc- 
ture, which has since become the industry standard 
for high-speed bipolar technology. Ning is also a co- 
inventor of the substrate-plate trench-capacitor dynam- 
ic RAM cell used in IBM’s 4M- and 16M-bit chips. 
In the early 1070s, Yu pioneered and directed the 
development and demonstration of a one-micrometer 
VLSI Mosfet technology, a logic and array test vehi- 
cle (LATV) that was widely recognized and acknowl- 
edged as one of the most important contributions 
to the semiconductor industry as a forerunner for 
micrometer and submicrometer VLSI Mosfets. 
Lesile J Deutsch (M), who received the Judith A. 
Resnik Award, is manager of telecommunications 
and data acquisition technology development at the 
Jet Propulsion Laboratory (JPL), California Institute 
of Technology, Pasadena. In this role, he is respon- 
sible for all research and development for the Na- 
tional Aeronautics and Space Administra- 
tion’s (NASA's) deep space tracking 
network. At JPL he investigated the 
performance and feasibility of new 
error-correcting codes for use 
on future deep space missions 
for the NASA. He also developed 
algorithms for combining tele- 
metry signals from deep space at 
multiple ground tracking facilities, 
thus helping to ensure the continued track: 
ing of the Voyager 2 mission to Neptune. 


Federico Capasso (F), who received the 
David Sarnoff Award, is head of the quan- 
tum phenomena and device research 
department for AT& Bell Laboratories, 
Murray Hill, N.J. His seminal work on band 
gap engineering of semiconductor devices 
has opened up important new areas of research in 
electronics and optoelectronics. He invented new 
multilayer avalanche photodiodes for low-noise de- 
tection, the first solid-state photomultiplier, and new 
superlattice photoconductors. He also demonstrat: 
ed a new depletion scheme capable of yielding 
ultralow capacitance independent of the device area 
and doping. He and his co-workers also made im- 
portant contributions in the area of heterojunction 
bipolar transistors. 


SESS i 


Andy Schenk 


Jack M. Sipress , ai iheaiiod the IEEE Award 
in International Communication, is director of R&D 
and manufacturing for AT&T International Commu- 
nication Services Submarine Systems, and direc- 
tor, Undersea Systems Laboratory for AT&I Bell 
Laboratories, Holmdel, N.J. At Bell Labs he is respon- 
sible for the development and manufacture of sub- 
marine cable communication facilities and associat- 
ed technology. His technical leadership in the 1980s 
helped to spur the development and implementa- 
tion of lightwave systems that were installed in 1988 
to span the Atlantic and Pacific. ¢ 
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When you have enough life insurance, you don’t Take advantage of this benefit of membership—and 
have to worry about your family’s finances ifsomething take the weight off your shoulders. Call 1-800-424-9883 


happens to you. And when you have your Association’s for further details (in Washington, DC. call 457-6820). 
insurance, you also know you're protected by one of the 


best policies on the market. [EEE INS UR ANCE 
We use our group purchasing power to negotiate top 


quality term life insurance, at a very low price. What's Designed by Engineers . 
more, it’s insurance specially designed for our profes- { 
sional needs. It can be tailored for the individual, and it ' For Engineers " 

j I ; The IEEE Life Plan is underwritten by New York Life Insurance 
can stay with you even if you change jobs. 


Company, New York, New York 10010 on form number GMR. 
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READER GUIDE TO PRODUCTS AND SERVICES 


NEW FROM THE 
COMPUTING SERIES 


APPLIED ARTIFICIAL INTELLIGENCE 
Edited by K. Warwick 


This book provides an introduction to the selection 
and application of artificial intelligence (Al) tools. 
Emphasis is placed on the implementation aspects, 
with particular focus on engineering environments. 


A cohesive range of chapters covers the following 
topics: reasoning, natural language and logic, ar- 
chitecture and software, exploiting parallelism in Al, 
intelligent knowledge-based systems, expert sys- 
tems for control and signal processing, Al tech- 
niques in industry, and planning and management. 


Price: $59 ISBN: 0 86431 2459, 235 pp., case- 
bound, 1991 


To order: contact the PPL Department/IEEE Service 
Center, 445 Hoes Lane, Piscataway, N.J. 08855- 
1331; 908-562-5557; fax, 908-981-0027. Or CIR- 
CLE # 81 on the Reader Service Card. 

































Any rapidly advancing field generates its own new 
terminology and jargon. The process is dynamic, 
often resulting in dual-meaning, commonly used 
words and sometimes fuzzy definitions. This infor- 
mal glossary, developed by IEEE-USA, is a brief lex- 
icon that will help both novices and experts. The 
cost of the glossary for members is $7.50, plus ship- 
ping and handling; for nonmembers, $9.95, plus 
shipping and handling. 

Call 1-800-678-IEEE to order and refer to Product 
Number UH0182-6. For more information, CIRCLE 
# 84 on the Reader Service Card. 


and human resource professionals in their support 
and development of a superior technical staff. 
Speakers include Dr. William D. Phillips, associate 
director, White House Office of Science and Tech- 
nology Policy, and Merrill W. Buckley Jr., 1991 IEEE 
President-Elect. 


For more information, CIRCLE # 82 on the Reader 
Service Card. 















BROAD SCOPE PERIODICAL 


IEEE Technology and Society Magazine is now avail- 
able to all IEEE members. Issued quarterly by the 
Society on Social Implications of Technology, the 
magazine discusses how technology (as embodied 
by the fields of interest in the IEEE) impacts socie- 
ty, for both good and ill. It also examines the im- 
pact of society on the societal aspects of electrotech- 
nology as well as the professional, social, and 
economic responsibility in the practice of engineer- 
ing and its related technology. Price is $17 per year 
to IEEE members. 


To receive a free copy and to place your 1992 order, 
CIRCLE # 83 on the Reader Service Card. 

































SPECIAL PRE-PUBLICATION OFFER 
SAVE $55 IF YOU ORDER BY SEPT. 1, 1991! 


The 1990 Index to IEEE Publications 


The complete index to IEEE 1990 journal articles, 
conference papers, standards, and more 


The IEEE publishes over 20 percent of the world’s 
literature in electronics and computing. The 1990 
Index to IEEE Publications is your gateway to all IEEE 
journals, magazines, conference proceedings, stan- 
dards, and Press books published in 1990. 

To help you find the information you need quick- 
ly and effectively, the Subject and Author Indexes 
list all of the 1990 IEEE publications alphabetical- 
ly. The Author Index provides the primary entry for 
every paper under the first author’s name and cross- 
references entries for all coauthors. The Subject 
Index lists several entries for each item under ap- 
propriate subject headings and cross-references all 
entries according to the subject matter. 

The 1990 Index to IEEE Publications is a must for 
(Continued overleaf) 


















IEEE-USA Careers Conference 
“Change & Competitiveness & Careers” 


IEEE-United States Activities’ Seventh Biennial 
Careers Conference will occur on October 10-11, 
1991, in Denver, Colo. 


Organized by IEEE-USA’s Career Maintenance and 
Development Committee, this conference provides 
a national forum for all aspects of technical careers. 
Its goals are to help employers achieve greater com- 
petitiveness in the marketplace, to assist engineers 
in becoming more productive at work while enhanc- 
ing their careers, and to aid engineering managers 




































Second Edition Now Available! 


SUPERCOMPUTING: 
AN INFORMAL GLOSSARY OF TERMS 


Do you know the meaning of ‘‘systolic array’’ or 
‘‘Whetstone’’? The second edition of Supercomput- 
ing: An Informal Glossary of Terms will define these 
and other such expressions. 
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any scientific professional who requires detailed in- 
formation in electrical and electronics engineering 
and computer science. The Index gives you quick 
access to frequently cited, high-impact journals 
covering over 50 fields of specialization, such as 
superconductivity. ..robotics. . . biomedi- 
cine...geoscience...nuclear and plasma 
science. . .pattern analysis. ..magnetics. . .and 
computer graphics. 


Special pre-pub offer: order the 1990 Index to IEEE 
Publications (JH9995-2, ISBN 0-7803-9952-8) at 
the pre-publication price of $295 (plus $15 handling; 
New York, New Jersey, California, and Washington, 
D.C., residents please add local sales tax). Orders 
received after Sept. 1, 1991, will be billed at $350. 


To order, call 1-800-678-IEEE or 908-981-1393 (out- 
side the United States). For more information, CIR- 
CLE # 85 on the Reader Service Card. 


NEw! 
1991 IEEE U.S. Membership 
Salary and Fringe Benefit Survey 


How does your company compare with the salaries 
and benefits offered by other employers in the United 
States? Sampled from U.S. members of the IEEE (the 
world’s largest technical society), the all-new 1991 
IEEE U.S. Membership Salary and Fringe Benefit 
Survey provides the answers! For the first time in 
four years, a regression analysis is used in the sur- 
vey to enable members to predict salaries from in- 
dividual variables. You'll also get definitive informa- 
tion on salaries by geographic area, job function, 
level of education, pensions and retirement plans, 
insurance, 401K plans, and much more. 
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For more details and ordering information, CIRCLE 
# 86 on the Reader Service Card. 


“STRENGTH THROUGH 
TECHNOLOGY” POSTER 


IEEE-United States Activities (IEEE-USA) has 
designed and printed a 20-inch-by-30-inch five- 
color poster based on the recent full-page ads run 
in newspapers after the Persian Gulf War. The at- 
tractive poster features an American eagle and 
states, ‘STRENGTH THROUGH TECHNOLOGY ... 
The quarter-million U.S. members of IEEE will do 
their part to enhance United States competitiveness 
in high technology commercial products and 
services.” 


For information about how to order the poster, CIR- 
CLE # 87 on the Reader Service Card. 


IEEE’s First 
WORLDWIDE 
MEMBER OPINION SURVEY 
Now Available 


The |EEE’s 1990 Member Opinion Survey is now 
available to the public. The survey is an unprece- 


dented worldwide effort by the IEEE to study profes- 
sional, academic, and intellectual activities of all its 
members. Previous IEEE surveys were limited to 
members in the United States. 

Among the IEEE United States Activities programs 
most important to respondents were professional 
publications, meetings, workshops, and programs 
















influencing employer practices, the business cli- 
mate, engineers’ public image, and Federal policy. 
A majority of respondents, both in and outside the 
United States, urged the IEEE to exert increasingly 
more influence as a worldwide technical leader. 

The 260-page 1990 /EEE Member Opinion Sur- 
vey may be purchased through the IEEE Service Cen- 
ter. Cost is $7.50 for members, $19.95 for non- 
members. 


For information on ordering, CIRCLE # 88 on the 
Reader Service Card. 
























AUTOTESTCON ’91 


The Systems Readiness 
Technology Conference 
September 23-26, 1991 
Disneyland Hotel—Anaheim, Calif. 
Sponsored by the IEEE 


AUTOTESTCON '91 will focus on the technology ap- 
plicable to system readiness and on the various ways 
to achieve that readiness in a cost-effective man- 
ner. We seek to explore new methods to improve sys- 
tem effectiveness in our ever-changing military and 
commercial environments and hope that you will join 
us in this challenge. 

The conference will feature exhibits, displays, and 
demonstrations of state-of-the-art automatic test 
equipment (ATE) as well as diagnostic and software 
systems. 


For information, contact AUTOTESTCON ’91, 150 S. 
Los Robles Ave., Suite 350, Pasadena, Calif. 91101; 
818-577-7100. Or CIRCLE # 89 on the Reader Service 
Card. 
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September 24-26, 1991 
Anaheim, CA 


Disneyland Hotel 





“Improving System Effectiveness In 
The Changing Environment of the 90’s” 





AUTOTESTCON is a high-level technical conference that will focus on 
the technology applicable to System Readiness, and various ways to 
achieve that readiness in a cost-effective manner. We seek to explore 
new methods to improve.system effectiveness in our ever changing 
military and commercial environments and hope that you will join us in 
this challenge. 


PLAN NOW TO ATTEND! 


Call today for a complete show and conference program 


SN (818) 577-7100 
OR 


YES! | want more information. Please send me an AUTOTESTCON 91 Program. 


Name: 








! l 
I I 
I I 
l l 
l I 
I l 
I : 
I Company: 
Address: 
l 1 
I 1 
I l 
I I 
I l 
I l 
l l 
I I 
I I 





City: 
Phone: _( ) EPRI (uh 





RETURN TO: 
Mr. Bob Rassa, ManTech International, 150 S. Los Robles Avenue, Suite 350, Pasadena, CA 91101 


SPONSORED BY: Institute of Electrical and Electronics Engineers, IEEE Instrumentation and Measurement Society 
eo IEEE Aerospace and Electronics Systems Society, IEEE Los Angeles Council 


56A 





EMPLOYMENT OPPORTUNITIES 


Organizations seeking engineers and scientists describe their various openings in the following advertising section 
In order to conform to the Age Discrimination in Employment Act and to discourage age discrimination, IEEE may reject any advertisement containing 
any of these phrases or similar ones, “recent college grads,” “1-4 years maximum experience,” “up to 5 years experience,” or “10 years maximum ex- 
perience.” IEEE reserves the right to append to any advertisement, without specific notice to the advertiser, “Experience ranges are suggested minimum 
requirements, not maximums.” IEEE assumes that, since advertisers have been notified of this policy in advance, they agree that any experience require- 
ments, whether stated as ranges or otherwise, will be construed by the reader as minimum requirements only. While IEEE does not ban the use of the 
term “entry level,” its use is discouraged since, to some, it connotes an age rather than an experience designation. IEEE accepts employment advertising 
to apprise its members of opportunities. Interested parties should be aware that the political and humanistic values of certain advertisers may differ 
from their own. IEEE encourages employers to offer salaries that are competitive, but occasionally a salary may be offered that is significantly below 
currently acceptable levels. In such cases the reader may wish to inquire of the employer whether extenuating circumstances apply. 


To place an advertisement in Spectrum’s Employment Opportunities section, contact the nearest Spectrum sales office 


New York Boston Philadelphia Chicago San Francisco Los Angeles Atlanta Dallas 
212-705-7760 508-896-5930 215-368-8232 708-446-1444 415-541-0377 213-649-3800 404-256-3800 214-991-8799 


For production/mechanical information contact Wendy |. Goldstein Advertising Production Manager, 212-705-7579 
IEEE Spectrum Advertising Dept., 345 E. 47th St., New York, N.Y. 10017 








INTERPHASE CORPORATION, a rapidly growing, public held manufacturer of networking & 
peripheral controllers for the worldwide OEM computer industry is expanding. 
Currently, we have the following openings: 


r Vv r - Individual will participate in the development of FDD] VMEbus 
products. Position leads to project-level management of board-level and standalone 
FDDI products. Minimum of 3-5 years firmware development experience in an 
UNIX environment required. Working knowledge of C programming 
language also required. LAN communications experience and 
knowledge of protocols and FDDI is a plus. Prefer BSEE or 

equivalent experience. 


Senior Hardware Design Engineer - Candidate will design and simu- 

late ASIC devices. Will be responsible for the research of and interface to 

ASIC vendors as well as be a design resource within the company. Minimum 

of 3-5 years experience in board-level design and high speed CMOS design using 

ASIC technologies (gate array or standard cell). Project leadership skills a plus. 

Knowledge and use of schematic capture tools, logic simulation tools and fault simulation 

tools desired. Working knowledge of uP and related architecture required. Disk and/or 
communication knowledge a plus. Prefer BSEE or equivalent experience. 


Applications Engineer - Individual will provide second level technical assistance for customers and 

liaison between Customer Service and Engineering. Will maintain an in-depth product and system 
knowledge in order to work closely with the customer and Engineering to identify and solve software and 
hardware problems. Assemble hardware, generate test scripts or programs (C, assembler, or shell language), 
and modify software drivers. Working knowledge of C programming language and minimum of 3 years experience 
in an UNIX environment required. Systems administration experience a plus. Prefer BSCS or equivalent experience. 


Applications Programmer - Candidate will be responsible for maintaining and implementing code improvements to various 
databases throughout the company. Working knowledge of C programming and Informix required, Cobol experience desirable. 
Minimum of 3-5 years experience in an UNIX environment required. Prefer BSCS or equivalent experience. 


Systems Administrator - Individual will be responsible for maintaining, upgrading, and troubleshooting O/S and application 
software. Will maintain network services, e-mail, and other communication services like UUCP. Minimum of 3 years experience 
with C, UNIX shell programming, and systems administration required. Prefer BSCS or equivalent experience. 


mer Service R ntative - Individual will provide first level technical support to existing customers. Will maintain an 
in-depth product and system level knowledge in order to work closely with the customer to identify and solve software and 
hardware problems. Will also assist Support Operations when needed. Minimum of 2 years experience in an UNIX environment 
required. Experience with VMEbus or MULTIBUS a plus. Extensive travel may be required. Prefer BSEE, BSEET or equivalent 
experience. 


- Senior level candidate who can: formulate strategic plans for INTERPHASE’s networking 
products. Perform market research, sizing, and development for networking products, technologies, and protocols. Represent 
INTERPHASE at various national and international forums, committees, and working groups. Act as Product Line Champion 
within the corporation. Assist in selling efforts as required. Prefer BSEE, BSCS or equivalent experience. M.B.A. is a plus. 


INTERPHASE CORPORATION offers competitive salary and excellent benefits. For immediate consideration, send resume to: 


Bo INTERPHASE 


po we | 


ATTN: Human Resources Dept. - S891 
eee eT 13800 Senlac 
Principles Only Dallas, Texas 75234 
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Recent Books 


(Continued from p. 8F) 


Practical Guide to Structured System Develop- 
ment and Maintenance. Fournier, Roger, 
Prentice-Hall, Englewood Cliffs, N.J., 1991, 
$53. 


OSF/Motif Programmer’s Guide. Open Software 
Foundation, Prentice-Hall, Englewood 
Cliffs, N.J., 1991, $32. 





OSI Explained, 2nd edition. Henshall, John, 
and Shaw, Sandy, Ellis Horwood, London, 
1990, 249 pp., $59.95. 


Computer-Aided Analysis of Active Circuits. 
Ioinovici, Adrian, Marcel Dekker, New 
York, 1990, 616 pp., $115. 


Intelligent Embedded Systems. Odette, Louis 
L., Addison-Wesley, Reading, Mass., 1991, 
288 pp., $44.25. 


Software Design Techniques for Large Ada Sys- 
tems. Byrne, William E., Digital Press, Bed- 
ford, Mass., 1991, 314 pp., $44.95. 


Programming the OS/2 Kernel. Godfrey, /. 
Terry, Prentice-Hall, Englewood Cliffs, N.J., 
1991, 336 pp., $43.33. 


A Practical Guide to Neural Nets. Nelson, Mar- 
ilyn McCord, and Illingworth, W.T., Addison- 
Wesley, Reading, Mass., 1991, 344 pp., 
$35.50. 


Logic IC Master Reference. Heiserman, David 
L., Academic Press, Troy, Mo., 1991, 735 
pp., $149.95. 


Microsoft Quickbasic Primer Plus. Praia, 
Stephen, and Henderson, Harry, Microsoft 
Press, La Vergne, Tenn., 1990, 608 pp., 
$24.95. 


Joint Application Design. August, Judy, 
Prentice-Hall, Englewood Cliffs, N.J., 1991, 
169 pp., $35. 


Netware Workstation: Troubleshooting and 
Maintenance Handbook. Liebing, Edward, et 
al., McGraw-Hill, New York, 1990, 263 pp., 
$29.95. 


Toolkit Intrinsics Programming Manual. ye, 
Adrian, and O’Reilly, Tim, O’ Reilly & As- 
sociates, Sebastopol, Calif., 1990, 632 pp., 
$30. 


Real-Time Unix Systems Design and Application 
Guide. Furht, Borko, et al., Kluwer Academ- 
ic Publishers, Boston, 1991, 316 pp., $59.95. 


Microsoft Word 5.5. Schlaikjer, M., Microsoft 
Press, La Vergne, Tenn., 1991, 199 pp., 
$7.95. 

(Continued on p. 56F) 








VICE CHANCELLOR FOR RESEARCH 


The University of California, Los Angeles is searching for a Vice Chancellor 


for Research. 


Responsibilities: will include campus-wide research planning and coordina- 
tion, to include new research ventures and long-term infrastructure require- 
ments. Leadership and vision in the development of large-scale interdisciplinary 
research programs, and programs concerning technology transfer and mutually 
supportive relationships between the University and industry. The Vice Chan- 
cellor will also supervise a staff that will identify and help to secure public 
and private sources of research funding, administration of contracts and 
grants, human subjects and animal welfare; and have oversight responsibil- 


ity for integrity in the research process. 


Experience: should include demonstrated leadership in large-scale research 
administration, a distinguished record of funded scientific research, develop- 
ment of collaborative research venture, and sensitivity to the broad research 
needs of a major research university. This individual would be expected to 
qualify for a tenured academic position at UCLA. 


Salary: 
Closing Date: 
Respond to: 


Commensurate with qualifications and experience 
September 30, 1991 
Vice Chancellor for Research Search Committee 


c/o Ms. Connie Chittick 


University of California 


Office of Chancellor 
405 Hilgard Avenue 


Los Angeles, CA 90024-1405 


UCLA is an equal opportunity/affirmative action employer. 





Invest 


In 
Futures. 





America’s future is its Chil- 
dren, The Boys & Girls Club 
helps our children achieve 
success for themselves and 
for America. Make a contri- 
bution today, so they can 
make one tomorrow. 


QY’ 


BOYS & GIRLS CLUB 








Mechanical/ 
Electrical Engineer 


The MIT Plasma Fusion Center is 
seeking a Mechanical/Electrical 
Engineer to work in the Fusion 
Technology and Engineering 
Division on problems associated 
with cryogenic and superconduct- 
ing magnet system design and 
construction for special applica- 
tions. Individual will interface with 
senior staff on analyses, design, 
model development, experimental 
program definition and execution. 
Salary range: $59,000 to $74,000. 


Ph.D. in Mechanical or Electrical 
Engineering plus at least five years’ 
experience in electromechanical 
analysis. Specific experience in 
one or more of the following areas 
is required: 1) magnetoelasticity of 
thin shells; 2) eddy current non- 
destructive testing techniques and 
analysis; and 3) magnetic levitation 
problems. 


INTERESTED PERSONS should submit 
their resume and cover letter 
(ONLY) referencing position #PFC- 
R9115 to: Prof. Ronald R. Parker, 
Director, Plasma Fusion Center, 167 
Albany Street, Room NW16-288, 
Cambridge, MA 02139. 

MIT Is on Affirmative Action/Equal 

Emptoyer 





MIT is a non-smoking environment 


Massachusetts 


Institute of Technology 
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The MIT Plasma Fusion Center has two openings in the Fusion Technology 
& Engineering Division. 


COMPUTATIONAL ENGINEER: 1o work on code development, testing & 
implementation of analyses of electromechanical effects. Individual will interface with senior 
staff on model development & data analysis of magnet design & interactions among 
electromagnetic components. 


Ph.D. in Applied Mathematics & at least five years’ experience in scientific computer 
code development & electromagnetic numerical modeling. Specific experience in one or 
more of the following areas is required: 1) electromagnetic effects code writing & imple- 
mentation on VAX based systems & on Cray based systems, e.g., Magnetic Fusion 
Energy Net; 2) code development for electromagnetic effects involving moving conducting 
solid materials in the presence of static & dynamic magnetic fields; 3) analyses involving 
deformable media & particles in the presence of magnetic fields; & 4) coil system design 
& interactions with plasmas (PFC-R9114). 


MECHANICAL ENGINEER: Towork on cryogenic & superconducting magnet 
development for special applications. Individual will organize & direct programs for 
magnet component development & fabrication, & design & supervise components for 
cryogenic & magnet systems. 


B.S. in ME or equivalent education plus at least ten years’ experience in cryogenic & 
superconducting magnet design & construction. Specific experience in one or more of 
the following areas involving superconducting or cryogenic magnets is required: 

1) magnet system & component construction supervision; 2) magnet manufacturing 
procedure & Quality Assurance procedure & specification writing; 3) conceptual, 
preliminary & final design of magnet & magnet structural components; & 4) supervision 
& production of magnet system component drawings, including bid & specification 
packages (PFC-R9116). 


INTERESTED PERSONS should submit their resume & cover letter (ONLY) referencing 
position # to: Prof. Ronald R. Parker, Director, Plasma Fusion Center, 167 Albany 
Street, Room NW16-288, Cambridge, MA 02139. 


MIT is an Equal Opportunity/Affirmative Action Employer 
MIT is a non-smoking environment 


Massachusetts 
Institute of Technology 


THE UNIVERSITY OF ADELAIDE - SOUTH AUSTRALIA _ 
Applications are invited from both women and men for this position: 


PROFESSOR OF TELECOMMUNICATIONS 
(Limited-Term) 

(Ref: 7811). The University of Adelaide has established a Centre for Telecommunications Information 
Networking (CTIN) under the joint sponsorships of the Departments of Electrical and Electronic 
Engineering, Computer Science, Applied Mathematics and Pure Mathematics to provide a focal 
point for multi-disciplinary research and post-graduate teaching in Telecommunications. Currently, the 
Teletraffic Research Centre of the University of Adelaide funded by major Australian 
telecommunication organizations like Telecom Australia, OTC Australia, and Defence Science and 
Technology Organization provides the necessary coordination for telecommunications research and 
teaching, and is expected to become an important part of the CTIN. 
Candidates for the position must have an established research record in a field related to 
telecommunications, a keen perception of the rapidly evolving telecommunications and information 
technologies field, and a commitment to promote cooperation with the industry. A key requirement 
for the position is that the candidate be able to Gciice leadership for the development of quality 
research and advanced teaching in a multi-disciplinary environment. The Professor of 
Telecommunications will be the Director of the Centre tor Telecommunications Information 
Networking. 
The position is available from 1 January 1992 for a period of five years, subject to review after three 
years. 
Further information concerning the duties of the position may be obtained from the Dean of the 
Faculty of Engineering, Professor HE Green, telephone (61 8) 228 5450, or from the Dean of the 
Faculty of Mathematical and Computer Sciences, Dr DL Clements, telephone (61 8) 228 5030. 
The University would welcome nominations of suitable persons who may be approached for this 
position. Any such advice (which will be treated in the strictest confidence) should be forwarded to 
either the Dean of the Faculty of Engineering or the Dean of the Faculty of Mathematical and 
Computer Sciences. 
INFORMATION about the general conditions of appointment and selection criteria may be 
obtained from the Director, Personnel Services at the University. 
SALARY: The salary package will be negotiated but will not be less than the salary of a full 
Professor, currently AUS$67,812 per annum (salary currently under review). 
APPLICATIONS, IN DUPLICATE, quoting reference number 7811 and giving full personal 
particulars (including whether candidates hold Australian permanent factdency status), details of 


academic qualifications and names and addresses of three referees should reach the Director, 
Personnel Services at the University of Adelaide, GPO Box 498, Adelaide, South Australia, 5001, 
Telex UNIVAD AA 89141, Facsimile (61 8) 223 4820 not later than 31 October 1991. 


The University reserves the right to make enquiries of any person regarding any candidate's 
suitability for appointment, not to make an appointment or fo appoint by invitation. 


THE UNIVERSITY OF ADELAIDE IS AN EQUAL OPPORTUNITY EMPLOYER 
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ISSA/NSA 
POLY 


USE YOUR “TICKETS” 
FOR FASTER CAREER GROWTH 


Put our 25+ years experience plac- 
ing technical professionals to work 
for you. All fees paid. Nationwide 


opportunities in Communications, 
Defense, Intelligence, Computer, 
Satellites and Analytical Sciences. 
If you earn over $35,000, we have 
a better, more rewarding job for 
you ... right now. U.S. citizenship 
and ISSA/NSA POLY desirable. 
Call (801) 231-9000 or send your 
resume in confidence to: Dept. EA- 
I3EB or FAX to: (301) 770-9015. 


WALLACH 


associates, inc. 


Technical and Executive Search 


‘Washington Science Center 
6101 Executive Boulevard 
Box 6016 
Rockville, Maryland 20849-6016 








ii. 
eT 


4CQG 






CQG Inc. is a well established and profitable 
company headquartered in the Colorado Rocky 
Mountains with offices in Denver, New York, 
Chicago, London, and Paris. CQG distributes 
market quotation services to a network of 
domestic and international subscribers. We 
provide our subscribers with complete market 
monitoring packages consisting of proprietary 
software, CQG manufactured desktop computers, 
modems, satellite receivers and other peripheral 
equipment. We are currently searching for a: 


Contract Engineering 
Design Firm 

















lf your firm meets the following qualifications, 
we would like to hear from you: 





¢ Design of custom PC’s. 

© Solid experience in video interfacing. 

e FCC and safety approval experience. 

e Excellence in Project Management 
and Customer Communications. 

e Leading edge in Design Technology. 

¢ Proven Concurrent Engineering. 


Contact L. Sturm at 1-800-525-7082. 


CQG Inc. 
P.O. Box 758 
Glenwood Springs, Colorado 81602 

















In the world of 
electronic systems, 
being good isn't 
good enough. It 
takes a company- 
wide commitment 
and the very best 
professionals to 
put technology 
on target. 


At E-Systems Garland Division, we 
understand that to succeed in the com- 
plex world of electronic systems, we've got 
to be better than good. We've got to go 
one step beyond—to redefine the mean- 
ing of excellence. That’s because there 
are no near-misses in our business. Only 
bulls-eyes. And bulls-eyes on bulls-eyes. 

So it’s no accident that we're one of 
America’s fastest growing suppliers of 
electronic systems. Outstanding systems, 
products and technologies come from 
superlative professionals. 

E-Systems Garland Division is a 
Dallas-based leader in advanced signal 
and image processing technologies, 
sophisticated receiver systems, and sys- 
tems integration for programs like JSIPS 
and the Distributed Wargaming System. 


Be outstanding in your field. 


If you’re a technical professional, we 
invite you to stand out with E-Systems 
Garland Division. 


Management Information 
Systems 
* Business Systems Programming 
* IDMS/Cullinet 
* Applications Development 
Management 







Senior Software Engineers 
° UNIX, ‘“C”, Ada, Pascal, PL/1, PL/M 
* X-Windows 
* 68000 Firmware 
* Sun, Daisy, Micro VAX Workstations 
* Cray and IBM Systems Software 
* DEC VAX/VMS Software 
* Algorithm Development 
* Real-time Applications 
* Test Software 


Electronics Technicians 
* Research and Development 
* Production Test 
* High-Speed Digital Circuitry 
* Analog (RF/IF) Circuitry 
* 68000 Firmware in Assembly 
Language or “C” 
* ASIC Design, CAD/CAE Systems 
¢ Systems Integration 
° Firmware Test 
* Electro-Mechanical Checkout 


Take aim at the future. 

Our technical careers are on target, as 
well; we have one of the lowest turnover 
rates of any company in our industry. As 
a technical professional with E-Systems 
Garland Division, you'll enjoy a superb 
compensation package—featuring a flexi- 
ble program that lets you tailor your own 
benefits. And our ESOP program makes 
every E-Teamer part owner of the 


ASS 


The science of systems. 


Be better than good. Join E-Systems 
Garland Division today. Send your 
resume to: Ann Olson, Director of Staf- 
fing, E-Systems, Inc., Garland Division, 
P.O. Box 660023, Dept. 25, Dallas, 
Texas 75266-0023. 

Principals only, please. 


US. Citizenship Required. 
An Equal Opportunity Employer, M/F/V/H. 


Recent Books 


(Continued from p. 56C) 
Technology 2001. Leebaert, D., MIT Press, 
Cambridge, Mass., 1991, 392 pp., $29.95. 





Searching for Certainty: What Scientists Can 
Know About the Future. Casti, John L., Field- 
ing Publications, New York, 1991, 496 pp., 
$22.95. 


A Programmer's Guide to File Processing. Cash- 
ing, Douglas L., PWS-Kent Publishing Co., 
Florence, Ky., 1991, 169 pp., $38. 


Material Science. Anderson, J.C., et al., Van 
Nostrand Reinhold, Florence, Ky., 1991, 608 
pp., $39.95. 


Radar Design Principles. Nathanson, Fred E.., 
McGraw-Hill, New York, 1991, 720 pp., 
$54.50. 


Computation of Lightning Protection. Horvath, 
T., John Wiley & Sons, New York, 1991, 204 
pp., $84.95. 


Human Factors Essentials. Til/man, Peggy, and 
Tillman, Barry, McGraw-Hill, New York, 
1991, 160 pp., $39.95. 








Electric Machines—Theory, Operation, Appli- 
Cations, Adjustment, and Control. Abert, 
Charles I., Macmillan, New York, 1991, 556 
pp., $48. 


Natural and Artificial Parallel Computation. 
Arbib, M.A., and Robinson, J.A., MIT 
Press, Cambridge, Mass., 345 pp., $37.50. 


Japan’s Software Factories. Cusumano, 
Michael A., Oxford University Press, New 
York, 513 pp., $35. 


Informix/SQL. Thompson, Tony Lacy, 
Prentice-Hall, Englewood Cliffs, N.J., 264 
pp., $28.80. 


Principles of Electrical Engineering. Peebles, 
Peyton Z., Jr., and Giuma, Tayeb A., 
McGraw-Hill, New York, 757 pp., 1991, 
$49.95. 


Microprocessor Architectures and Systems: 
RISC, CISC and DSP. Heath, Steve, 
Butterworth-Heinemann, England, 1991, 
288 pp., $70. 


Artificial Intelligence: A Tool for Industry and 
Management. Gottinger, Hans W., and Wei- 
mann, Hans P., Ellis Horwood, London, 
1990, 158 pp., $79.95. 








Computers: An Introduction to Hardware and 
Software Design. Wear, Larry L., et al., 
McGraw-Hill, New York, 602 pp., $50.95. 


From Industry to Arms. Difilippo, Anthony, 
Greenwood Press, Westport, Conn., 1990, 
216 pp., $42.95. 


Physical Foundations of Solid State and Elec- 
tron Devices. Ferendeci, Altan M., McGraw- 
Hill, New York, 1991, 443 pp., $54.95. 


Fluoride Glass Fiber Optics. Ed. Agearwal, Ish- 
war D., and Lu, Grant, Academic Press, San 
Diego, Calif., 1991, 401 pp., $69.95. 


Transient Lens Synthesis. Bawm, Carl E., and 
Stone, Alexander P., Hemisphere Publish- 
ing, Bristol, Pa., 1991, 149 pp., $49.50. 


Quattro Pro 2 Companion. Cobb, Douglas, et 
al., Microsoft Press, La Vergne, Tenn., 
1991, 518 pp., $24.95. 


The Charm of Physics. Glashow, Sheldon L., 
Simon & Schuster, New York, 1991, 306 pp., 
$12.95. 


Trappings of Power. Nolan, Janne E., Brook- 
ings Institution, Washington, D.C., 1991, 209 
pp., $29.95. 








MICROWAVE ENGINEERS 


Step Into 
The Future. 


Superconductor Technologies Inc. is offering a unique 
opportunity to participate in the creation of a success- 
ful and exciting new business — microwave applications 
of high temperature superconductors. We are assembling 
the best technical and management team in the indus- 
try and have several openings for Microwave Design and 
Project Engineers. 


To qualify, you must be highly motivated with a BSEE 
(MSEE preferred) and at least 5 years relevant experi- 


ence. Demonstrated ability to lead complex projects with 
proven ability to design state-of-the-art microwave thin- 
film, components and subsystems is essential. Oscilla- 
tor and millimeterwave design experience is a plus. 


STIis located in an attractive area near the UCSB campus 
and the ocean in Santa Barbara. We offer a highly com- 
petitive compensation package, employee stock owner- 
ship and the opportunity to join the excitement of an 
entrepreneurial enterprise at the forefront of a new tech- 
nology. For consideration, send resume to: Human 
Resources, Superconductor Technologies Inc., 460 
Ward Drive, Suite F, Santa Barbara, CA 93111-2310. 
AA/EOE 


a) erenconoucron 
fs 
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Microwave Scientist 


GTE Laboratories provides advanced research and devel- 
opment to support GTE’s more than 100 telecommuni- 
cations, lighting and precision material operations 
located in the U.S. and 41 countries around the world. 


We currently seek a research team member dedicated to 
the development of new ceramics-based products for the 
telecommunications industry. You will be responsible for 
the development and implementation of advanced tech- 
niques for the characterization of the microwave proper- 
ties of low-loss ceramics as well as the application of 
basic electro-magnetic theory to the design and imple- 
mentation of such products as filters and oscillators that 
would incorporate the new ceramic products. 


An MS/PhD, 5 years! experience in microwave engi- 
neering as well as good verbal and written communi- 
cation skills required. A good working knowledge of 


modeling codes for design of microwave devices and 
their application as well as an appreciation of materials 
issues desirable. 


We offer an outstanding benefits package including 
an on-site fitness facility, Company-paid medical/ 
life/dental insurance, pension, savings and invest- 
ment plans. Please send your resume to the Em- 
ployment Department, Box BD, GTE Laboratories, 
AO Sylvan Road, Waltham, MA 02254. An equal 
opportunity employer, M/F/H/V. 


Ceis Laboratories 


THE POWER IS ON 





IEEE SPECTRUM AUGUST 1991 








MAKE A SOUND 


CAREER MOVE. 


Now you can work on the first airborne weapon to employ 
a whole new dimension of advanced technology. It’s the BAT. 

The BAT is a major breakthrough. This self-guided sub- 
munition is designed to find, attack and destroy moving tanks 
and other armored vehicles deep in enemy territory. 

Here's how you can join the team at Northrop’s Electronics 
Systems Division in Hawthorne: 


MECHANICAL ENGINEERING SPECIALIST 
O Perform mechanical design, development and documentation 
of precision components and subsystems. 
O 10 years of mechanical engineering experience with low weight 
precision mechanisms and high volume production, familiarity 


with finite element modeling and CAD preferred. 
O BSME preferred. 


MECHANICAL DESIGNER 

O Perform detail design and documentation of precision mech- 
anisms including electro-optical and opto-mechanical devices. 

O Will interface with related engineering organizations to tran- 
sition from preliminary design to full scale development of a 
high rate of production device. 

O 8+ years of Mechanical CAD experience and a thorough 
understanding of the military documentation requirements 


such as DOD STD-100 and ANSI Y14.5 is preferred. 
STRUCTURAL ANALYSIS ENGINEER 


O Responsible for structural evaluation of systems and subsys- 
tems and performing classical hand analysis and computer 
Finite Element Modeling (NASTRAN and PATRAN) of 
systems. Will define and tailor environmental requirements, 
define methods of test and incorporate in specifications.. 

O 7+ years experience in Structual Analysis and a BSME or 
equivalent preferred. 


MISSION EFFECTIVENESS ENGINEER 
O Work with specialists to develop functional models of subsys- 
tems, modify and verify complex mission simulation, docu- 
ment model design/validity and exercise simulation to predict 
system effectiveness. 
O 8+ years experience and a BSCS, BSAE, BS Mathematics or 
BS Physics or equivalent desired. 





O Excellent software skills (FORTRAN) with VAX, VMS, Ada 
and CMS, Missile G&C or Sensor Processing a plus. Good 


presentation and technical writing skills essential. 


SOFTWARE DEVELOPMENT ENGINEER 


O Will establish system and software interface designs as well as 
perform software architecture studies, throughput estimates, 
code, test and integration with hardware. 

O Predominant software is real-time microprocessor-based, 
developed in the Ada language. 

O 7 years experience and a BSEE, BSCS or BS Mathematics or 
equivalent desired. 


ELECTRICAL DESIGN ENGINEER 


O Perform requirements definition, concept design, preliminary 
design and detailed design for embedded Digital Signal Pro- 
cessing and control systems, as well as system test, integration 
and sell-off of the resultant hardware. 

O 8+ years experience in Digital System/Circuit design and BSEE 
or equivalent preferred. 

O Additional experience in the utilization of computer aided 
design tools (preferably VALID Logic Systems) for the 
design, simulation and analysis of the electrical system design 
desired. 

O Experience in the design of Application Specific Integrated 
Circuits (ASICs) extremely desirable. 


SYSTEMS SIMULATION ENGINEER 

O Develop comprehensive simulation and analysis capability 
for an E-O sensor subsystem. 

O 15+ years experience and BSEE or BS Physics or equivalent 
desired. Advanced degree preferred. 

O Direct experience with development of electro-optic sensor 
systems, Missile G&C and excellent software skills (FORTRAN) 
with VAX, VMS and Ada a plus. Good presentation and 


technical writing skills essential. 


For immediate consideration, please send your resume to 
Leilani Johnson, NORTHROP ELECTRONICS SYSTEMS 
DIVISION, Dept. IEEE9498, P.O. Box 16, Hawthorne, CA 
90251-0016. EOE M/F/H/V. U.S. CITIZENSHIP REQUIRED. 


Rope Nabing Adanced Technology bor 
NORTHROP 





Electronics Systems Division 


Hawthorne Site 
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If your library needs to subscribe to the world’s 
best periodicals in electronics and computing 
..Why not subscribe at a great price? 


Introducing the 1991 IEEE All-Society Periodicals Package 


IEEE periodicals are the very centerpiece of the IEEE’s publishing program. The 73 periodicals 
included in our All-Society Periodicals Package offer comprehensive coverage of the major work in 


electrical, electronics, and computer engineering. 





Our All-Society Periodicals 
Package brings you these 
major benefits: 


Save about 30% 

Pay only $6,854 for the 1991 Pack- 
age — save $2,933 off the combined 
subscription prices! 


Free 1991 Index 

You'll get the new 1991 two- 
volume Index to IEEE Publications 
—a value of about $300 — free. 


Save 50% on fiche 

Subscribe to the Package and get 
microfiche versions for only $3,427 
— 50% off the low All-Society 
price, and 65% below list! 


Complete coverage of the field 
IEEE periodicals cover every aspect 
of electro-technology completely 
and authoritatively. By subscrib- 
ing to the Package, you'll be getting 
the major work in the field. 


For a free brochure or to order 
call: 1-800-678-IEEE 
or fax: 908-981-9667 


The Institute of Electrical and Electronics Engineers, Inc. 
445 Hoes Lane, P.O. Box 1331 ¢ Piscataway, NJ 08855-1331 








EEs’ tools 
& toys 


Digital imaging 
comes to life 


It’s very expensive, but the film-less and all- 
electronic still-camera system recently in- 
troduced by Eastman Kodak Co. is very like- 
ly the spearhead of future image-processing 
technology. Can it also signal the future for 
the plain old family photo album? 

The image sensor—either color or 
monochrome—of Kodak’s Professional Dig- 
ital Camera System is retrofitted to the back 
of a Nikon F3 35-mm single-lens reflex 
(SLR) camera body. Up to six images can be 
stored in an 8-megabyte buffer, and up to 158 
uncompressed or 400-600 compressed im- 
ages, in a cable-connected 200-megabyte 
Winchester disk drive. Or the images may 
be transmitted over a modem to a computer. 

A charge-coupled device (CCD) is the 
image sensor. The size of the CCD array— 
1280 by 1024 pixels—gives it about three 
times the resolution of current still-video 





The Kodak Professional Digital Camera Sys- 
tem consists of a Nikon F3 35-mm camera 
body, a color or monochrome digital imaging 
camera-back, a camera winder, and Win- 
chester disk storage unit. 


camera systems, which were introduced 
about five years ago. The array delivers re- 
solution of 800 and 1000 television lines for 
the color and monochrome models, respec- 
tively. The image sensor also allows the 
camera to operate up to an equivalent ex- 
posure index of 1600 for color and 3200 for 
black-and-white. Better yet, the sensor dou- 
bles the focal length of the existing lenses, 
letting them zoom in closer to a subject. 

Images can be previewed on the storage 
unit’s built-in, 4-inch monitor, and captioned 
for future reference using an optional 
keyboard. 








Kodak 











The storage unit interfaces with an Apple 
Macintosh II computer or Apple SE/30 
workstation if the image needs manipulat- 
ing, enhancing, or transferal to other stor- 
age devices. With the Photoshop software, 
from Adobe Systems, an image may be light- 
ened, darkened, or magnified. The stored 
images can be printed on paper or trans- 
parencies. A user can also zoom in on an im- 
portant detail, which makes the system quite 
suitable for surveillance work. In fact, many 
DCS systems are being sold to Government 
intelligence agencies. 

The monochrome and color DCS systems 
each sell for $19 995. The digital camera sys- 
tem with the keyboard and image compres- 
sion and communications capabilities is 
priced at $21 995. An optional 32-megabyte 
dynamic RAM, for taking 24 images at one 
time, adds $3000 to the price. Contact: East- 
man Kodak Co., 343 State St., Rochester, 
N.Y. 14650; 800-445-6325, ext. 570; or cir- 
cle 105. 


COMPUTERS 


Documentation is online 


Documentation stored on a CD ROM helps 
users of a Sun workstation to find answers 
to their questions on the computer, the 
SunOS Unix operating system, and the Open 
Look graphical user interface. This new on- 
line documentation, the System Software 
AnswerBook, is a single disc that contains 
more than 16 000 pages, or the equivalent 
of more than 20 reference manuals. A net- 
work server equipped with the disc gives 
all users of workstations on the network ac- 
cess to this information. 

Unlike a manual, the System Software An- 
swerBook has search techniques that go into 
action once users type in their questions, 
such as ‘‘How doI read my electronic mail?”’ 
or ‘‘How do I install a new printer?”’ 

Alternatively, users can employ the mouse 
to ‘‘click’’ on a table of contents entry and 
then click to the topic of interest. Similarly, 
with hypertext links, users can click on a 
cross-reference in the text and instantly 
jump to the related topic, even if it is in an- 
other manual. Another feature, ‘‘book- 
marks,’’ returns users to pages they wish 
to review. 

An engineer whose company installed the 
product reported receiving 80 percent fewer 
technical questions from the disc’s in-house 
users. 

A System Software AnswerBook disc for 
use on one workstation is priced at US $495. 
Additional workstations on the network can 
be licensed at $250. Contact: Sun Micro- 
systems Inc., 2550 Garcia Ave., Mountain 
View, Calif. 94043; 415-960-1300; fax, 415- 
969-9131; or circle 108. 
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Software 
reviews 


Probing neural networks 

by Bruce Haner 

BrainMaker Professional allows users to 
train, test, and run neural networks. Its at- 
traction is its great flexibility and many ad- 
vanced features. 

For one, the user can specify learning 
rates and training and testing tolerances. 
Others are several activation functions, in- 
cluding Gaussian, as well as a smoothing 
capability and a limited form of batching. 

Additionally, BrainMaker Professional will 
automatically test and save the network at 
user-specified intervals during training. It 
also compiles extensive statistical files dur- 
ing both training and testing. The combina- 
tion of these features is useful in determin- 
ing whether the network has overtrained, 
causing it to cease working effectively with 
general data. If that happens, an earlier ver- 
sion of the network can be restored. 

The software contains extensive display 
capabilities for numbers, pictures, bar 
charts, and symbols. I did find, however, that 
defining the display formats was awkward 
and involved a degree of trial and error. The 





BrainMaker 
Professional. 
California Scientific 
Software. Software for 
designing, training, 
testing, and running 
neural networks. IBM 
PC or compatible or 
PS/2 or compatible 
with 512K memory; 
PC/DOS or MS/D0S 
30 or higher; one 
floppy drive and any 
hard disk. US $795. 


BrainMaker) 
BrainMaker 
BrainMaker 
BrainMaker 
BrainMaker 


good news is that simple displays adequate 
for most uses are automatically created. 

BrainMaker Professional also offers two 
forms of sensitivity analysis. The first per- 
mits the user to select one output for a par- 
ticular test case; then the software slightly 
varies each of the inputs one after the other 
to determine the impact on the output. The 
second method plots the impact of varying 
one input on up to four outputs. 

One noteworthy feature lets the system 
begin with a few processing elements—the 
basic building blocks of a neural network— 
and then dynamically add new ones accord- 
ing to user-defined parameters. Another op- 
tion allows the automatic elimination of 
unimportant connections between pro- 
cessing elements. Netmaker, a tool includ- 
ed in the package, prepares training and test- 
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Software reviews 


ing files in a suitable format and provides 
extensive spreadsheet capabilities. 
Brainmaker Professional has, alas, a very 
sloppy user interface and there are inade- 
quate explanations in the user’s guide and 
reference manual. However, I would recom- 
mend the package to anyone who needs a 
multifeatured back-propagation neural net- 
work. Contact: California Scientific Soft- 
ware, 10141 Evening Star Dr., 6, Grass Val- 
ley, Calif. 95945-9051; 916-477-7481; fax, 
916-477-8656; or circle 101. 




























Bruce Haner has been involved since 1989 with neu- 
ral networks at Security Pacific Automation Co.’s Ar- 
tificial Intelligence Technology Group, Glendale, Calif. 


For math and management 

by David R. Hertling 

We engineers like doing calculations and de- 
signs our own way. EEpal is a programma- 
ble desktop tool that accommodates us with 
an easy-to-use, interactive environment. 

The package can be operated either as a 
stand-alone or a memory-resident pop-up 
program. It allows the user to look up en- 
gineering data, make mathematical calcula- 
tions, and edit text files. It also provides 
calendars, alarms, and telephone autodial. 

A truly standout feature is EEpal’s abili- 
ty to do complex arithmetic and provide 
complex mathematical functions. EEpal also 
displays a variety of screens. 

A formula screen allows the user to input 
values (independent variables) and then 
simultaneously EEpal displays the calculat- 
ed outputs (dependent variables). A mini- 
sheet screen is similar to a formula screen 
except that the inputs and outputs are col- 
umns of data. When lots of data are required 
by a screen, EEpal can read Ascii files. 

A data screen is a simplified database, 
which may contain such data as resistor color 
codes or rectangular waveguide standards 
(both provided). EEpal comes with many 
data screens containing useful engineering 
data; these screens can be searched by 
fields. A help screen is provided for every 
built-in screen. All of the screens, including 
help screens, can be user-defined with a 
built-in program, EEmanager. 

EEpal, at US $479, is suitable for IBM PC, 
XT, AT, 386, 486 PS/2, or compatibles. It 
requires a 384K memory, a hard drive with 
at least 2 megabytes, black-and-white or 
color monitor, and DOS 3.0 or later. A mouse 
is optional. Contact: Eagleware Corp., 1750 
Mountain Glen, Stone Mountain, Ga. 
30087; 404-939-0156; or circle 102. 






































David R. Hertling (SM) is a professor of electrical en- 
gineering at the Georgia Institute of Technology, At- 
lanta, Ga. His main teaching and research areas are 
RF and microwave circuits and devices. 
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Faults & 
failures 


TCAS sees ghosts 


A system that warns pilots of impending 
midair collisions is finally, after 30 years in 
development, being installed in the U.S. air- 
line fleet. The system, called TCAS for traf- 
fic alert and collision avoidance system, 
sends a stream of interrogation signals to the 
same equipment aboard nearby aircraft and 
from their responses determines the planes’ 
altitude, distance, and approach rate. 

Plans call for all 4000 large aircraft in the 
United States to carry US $150 000 TCASs 
by the end of 1993. But the phase-in suffered 
a short-lived—and embarrassing—setback 
on May 2, when the Federal Aviation Ad- 
ministration (FAA) ordered a shutdown of 
200 of the 700 units that had been installed. 
The 200 systems were seeing phantom air- 
craft and instructing pilots to evade planes 
that simply were not there. 

The cause was quickly identified as a soft- 
ware glitch. More precisely, it was a soft- 
ware gap—five lines of code missing from 
the faulty units. 

Not subject to the problem were TCASs 
manufactured by the Bendix/King Division 
of Allied Signal Inc., Baltimore, Md., and 
Honeywell Inc., Phoenix, Ariz. These were 
allowed to continue in service. 

However, TCASs made by Collins De- 
fense Communications Division of Rockwell 
International Corp., Dallas, were recalled so 
that the software could be fixed. The fix was 
simple: the units were reloaded with the cor- 
rect program. 

The problem arose in the course of test- 
ing, because Collins engineers had tem- 
porarily disabled the program’s range corre- 
lation function—a few brief lines that 
compare a transponder’s current response 
with previous ones and discard any intend- 
ed for other aircraft. Without this filter, the 
system can misinterpret a response as com- 
ing from a fast-approaching airplane. 

After testing the systems, Collins shipped 
them to airline customers without re- 
enabling the range correlation. For the most 
part, the systems worked as intended. But 
in high-traffic areas where many airplanes 
are interrogating each other—around Chica- 
go, Dallas, and Los Angeles, particularly— 
ghosts appeared frequently. Pilots were 
misled, and air traffic controllers were dis- 
tracted from their routine tasks by the need 
to handle nonexistent situations. 

“A pilot would see the ghost image shoot 
across the screen because the on-board sys- 
tem was accepting all the replies as other 
TCAS airplanes in the vicinity interrogated 











the same TCAS transponder,’’ Thomas Wil- 
liamson, TCAS program manager with the 
FAA in Washington, D.C., told JEEE 
Spectrum. 

TCAS II, the system currently being in- 
stalled, tells pilots to climb, dive, or main- 
tain the same altitude to avoid a collision. 
It also displays nearby planes on a small 
screen. The system was first demonstrat- 
ed in the early 1970s, but making it work 
reliably was difficult because of interference 
by overlapping signals from multiple aircraft 
in crowded areas. The interference was 
eliminated by using directional antennas and 
variable-strength interrogation signals and 
developing range-correlation software to 
eliminate multiple responses. 

In the range correlation scheme, the sys- 
tem notes the distance at which it first 
receives a response from another aircraft— 
say 10 miles. At the next interrogation, the 
distance may be 9.5 miles. The system 
would then expect the next response to be 
at approximately 9 miles, and would set a 
range gate so that it could look for a signal 
at that distance and calculate the closure 
rate. Without this correlation, the system 
becomes confused. 

The FAA emphasized that the software 
fault did not pose a hazard. TCAS is a back- 
up system; primary responsibility for avoid- 
ing midair collisions still remains with the 
ground-based air traffic control systems. 
Moreover, the FAA pointed out that TCAS 
has proved its worth in more than 1 million 
hours of operation. 

“Had the problem involved TCAS soft- 
ware on a generic basis, then we would real- 
ly be concerned,”’ Williamson said. ‘“But it 
was a breakdown in the quality control 
procedures of a specific manufacturer.”’ 

For its part, Collins has promised cus- 
tomers that it will correct all 200 systems 
within 90 days after discovery of the prob- 
lem. ‘‘We’ll be fully operational across the 
board well within that time frame,’’ said 
Charles Wahag, Collins’ manager of TCAS 
products. 

Wahag defends Collins’ quality control 
procedures, which were approved by a team 
of FAA software experts. ‘‘We had a simple 
human error where an engineer misclassi- 
fied the changes in the software,’’ he told 
Spectrum. ‘‘It didn’t show up in our testing 
because one of the essential elements was 
absent: you have to have many, many TCAS- 
equipped airplanes in the sky,’’ as in the 
high-traffic-density areas where the ghost 
problem appeared. 

To prevent similar omissions, Collins now 
requires that a committee of software en- 
gineers review changes before a program is 
released. ‘‘More than one pair of eyes must 
review these things and make a decision,”’ 
Wahag said. 
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The following listings of interest to IEEE members have 
been placed by educational, government, and industri- 
al organizations as well as by individuals seeking posi- 
tions. To respond, apply in writing to the address given 
or to the box number listed in care of Spectrum Maga- 
zine, Classified Employment Opportunities Department, 
345 E. 47th St, New York, NY. 10017 


ADVERTISING RATES 

Positions open—$34.00 per line, not agency- 
commissionable 

Positions wanted—$3400 per line, a 50% discount 
for IEEE members who supply their membership num- 
bers with advertising copy 

All classified advertising copy must be received by the 
25th of month, two months preceding date of issue. 
No telephone orders accepted. For further information 
contact Theresa Fitzpatrick, 2127057578. 


IEEE encourages employers to offer salaries that are com- 
petitive, but occasionally a salary may be offered that 
is significantly below currently acceptable levels. In such 
cases the reader may wish to inquire of the employer 
whether extenuating circumstances apply. 


Academic 
Positions Open 


Eurecom Graduate school in Communications Sys- 
tems. Recruitment of Professors. The Swiss Fed- 
eral Institute of Technology (EPFL) and the Ecole 
Nationale Superleure des Telecommunications 
(TELECOM Paris) organize jointly a new teaching 
and research institution, which will be located in 
Sophia Antipolis, a science and technology park 
hosting more than 500 hightech companies, at a 
short distance from Nice. Research will be devel- 
oped in fields related to communication networks, 
eg., image, speech and written communication; 
man machine interaction; mobile communications; 
real time industrial and high speed local area net- 
works; computer networks; value added and in- 
tegrated telematic services; management and 
security of communication systems. The candi- 
dates should have a Ph.D. degree and expertise in 
one of these fields. They will lead a research team 
and work in cooperation with the industry. Lectures 
will be given either in French or in English. The can- 
didates should send a letter of application, a list 
of publications, a research proposal, a resume and 
the names of four references at the following ad- 
dress: CICA—EURECOM—Sophia Antipolis—BP 
2229 -06560 Valbonne—France. 


Washington University seeks qualified candidates 
for the position of Professor and Chair of the 
Department of Systems Science and Mathematics, 
with a desired starting date of July 1, 1992. We are 
interested in outstanding candidates with a strong 
research record, with a dedication to excellence in 
undergraduate and graduate education and with a 
demonstrated potential for administration and 
leadership. Washington University has a long 
standing commitment to the principle that all can- 
didates should be afforded equal opportunity 
regardless of age, race, sex or physical disability. 
Candidates must send a curriculum vitae and a list 
of references to: Professor C.l. Byrnes, Search 
Committee for the Systems Science and 
Mathematics Chair, Campus Box 1040, Washington 
erent One Brookings Drive, St. Louis, MO 
130. 


The Department of Electrical Engineering at 
Colorado State University is seeking candidates for 
the Rockwell Optoelectronics Faculty position. This 
new position will be supported by industry, private 
endowments, and the University. The position will 
be a tenured or tenure-track appointment within the 
Department. We anticipate that the appointment 
will be for an individual who has recently estab- 
lished an outstanding record of research accom- 
plishments in optoelectronics or a new graduate 
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who shows exceptional promise. Candidates are 
sought in the areas of optoelectronic semiconduc- 
tor materials and devices and in optoelectronic sys- 
tems, with emphasis on practical implementation 
of telecommunication or optical computing sys- 
tems. The position will be affiliated with the Cen- 
ter for Optoelectronic Computing Systems (an NSF 
Engineering Research Center jointly operated with 
the University of Colorado at Boulder). The new 
faculty member is expected to develop a major re- 
search program both through interaction with the 
existing programs in optical and electronic materi- 
als and devices as well as by development of new 
areas. Applicants should have an earned Ph.D., 
demonstrated research ability, and a strong interest 
in undergraduate and graduate teaching. Appli- 
cants should submit a detailed resume with a 
statement of their professional interests and goals, 
along with the names of three references. Applica- 
tions will be accepted until August 31, 1991. This 
deadline may be extended if suitable candidates 
are not found. Additional information describing 
the applicant’s work, such as papers or technical 
reports are welcomed. Please send all application 
materials to: Professor Jorge |. Aunon, Department 
of Electrical Engineering, Colorado State Universi- 
ty, Fort Collins, CO 80523. (303) 491-6600 Fax (303) 
491-2249, Email: aunon@longs.lancecolostateedu. 
Colorado State is an EEO/AA employer. Office: 314 
Student Services Building. 


University of Illinois at Urbana-Champaign. Appli- 
cations and nominations are invited for the 
Grainger Professorship in Electrical and Computer 
Engineering at the University of Illinois at Urbana- 
Champaign. The Grainger Professorship has been 
endowed by The Grainger Foundation, Inc. in hon- 
or of Mr. WW. Grainger who graduated from the 
College of Engineering in 1919. The appointment 
will be at the rank of professor with tenure in the 
Department of Electrical and Computer Engineer- 
ing. The department solicits applications from dis- 
tinguished senior engineers with expertise and re- 
search interests in any of the following or related 
areas: power systems, manufacturing, robotics, in- 
telligent systems, control systems, and rotating ma- 
chinery. Applicants must have an earned Ph.D., out- 
standing qualifications, and an ability to teach ef- 
fectively at both the graduate and undergraduate 
levels. Selected candidates will be expected to in- 
itiate and carry out independent research and to 
perform academic duties associated with our BS., 
MS., and Ph.D. programs. Starting date is negotia- 
ble. Salary open, based on qualifications. Send re- 
sume, with references and a list of Beta to: 
Professor Chester S. Gardner, Chair, Grainger 
Professorship Search Committee, University of II- 
linois, Department of Electrical and Computer En- 
gineering, 1406 W. Green Street, Urbana, IL 61801. 
(217) 333-2300 The deadline for receipt of applica- 
tion materials to receive full consideration is Sep- 
tember 15, 1991. The University of Illinois is an Af- 
firmative Action, Equal Opportunity Employer. 


The Onan of Systems Design Engineering 
at the University of Waterloo is seeking appli- 
cants for tenure-track positions preferably at 
the rank of Assistant Professor, to begin em- 
ployment during 1991-1992 period. The depart- 
ment is interdisciplinary with a diverse range of 
teaching and research activities which include 
human systems, societal and environmental 
systems, systems modelling analysis and de- 
sign, and intelligent systems. The applicants 
should have a Ph.D. in Engineering and re- 
search interests in one or more of the following 
fields: 1) Engineering Systems Theory with em- 
phasis in one or more of the following areas: 
control systems, intelligent systems, modelling 
and simulation, or system integration and de- 
sign; 2) Societal and Environmental Systems 
with emphasis in one or more of the following 
areas: stochastic and statistical modelling and 
analysis, optimization, resource allocation, or 
decision analysis; 3) Environmental System En- 

ineering with emphasis in one or more of the 
ollowing areas: energy and resource systems 
modelling and analysis, risk and reliability anal- 
ysis, environmental impact, or policy develop- 
ment; experience in engineering applications 
and design is highly desirable. The successful 
applicants will be expected to teach basic 
courses in the engineering sciences and 











mathematics as well as senior level and gradu- 
ate courses in areas of expertise. Applications 
with complete curriculum vitae and the names 
of three references should be sent to Professor 
M. Chandrashekar, Chairman, Department of 
Systems Design Engineering, University of 
Waterloo, Waterloo, Ontario, Canada, N2L 3G1. 
In accordance with Canadian Immigration re- 

uirements, this advertisement is directed to 

anadian citizens and permanent residents. 
The University of Waterloo encourages applica- 
tions from qualified women and men, members 
of visible minorities, aboriginal peoples, and 
persons with disabilities. 


Post-Doctoral Fellow: The Communication 
Sciences Laboratory at Simon Fraser Universi- 
ty in Greater Vancouver has a post-doctoral 
opening for research in combined speech and 
channel coding for digital mobile communica- 
tions. Candidates should have extensive re- 
search experience in at least one of the follow- 
ing areas: speech coding, channel coding and 
modulation, and mobile communications. The 
appointment is for one year and can be renewed 
for another year. The annual salary is in the 
neighborhood of CDN $25,000. To apply, please 
send a resume, with names and addresses of 
three referees, to Dr. Paul Ho, School of En- 
gece Science, Simon Fraser University, 
urnaby, B.C., Canada V5A 1S6. 


The University of Saskatchewan invites appli- 
cations for a tenure track position in the Depart- 
ment of Electrical Engineering. Appointments 
are normally made at the Assistant Professor 
level. The candidate will join the Communica- 
tions Research Group and will work with 
NSERC Chair in Communications. Preference 
will be given to candidates in the field of digi- 
tal communication with specialization in RF, 
Microwave or Optical circuits/systems. Alterna- 
tively, candidates in coding, modulation or 
equalization theory for communication chan- 
nels will be considered. Applicants must hold 
an earned Ph.D. degree and have demonstrat- 
ed potential for teaching at the undergraduate 
and graduate levels and for developing an in- 
dependent research program. The Department 
offers programs leading to B.E., M.Eng., M.Sc., 
and Ph.D. degrees. There are approximately 150 
undergraduate and 60 graduate students in the 
Department and excellent research facilities. 
Curriculum vitae, a list of three referees and a 
statement of research interest should be ad- 
dressed to: Dr. M.S. Sachdev, Head, Department 
of Electrical Engineering, University of 
Saskatchewan, Saskatoon, Canada, S7N OWO. 
Applications must be received by September 
30, 1991. The expected appointment date is 
January 1, 1992. In accordance with Canada Im- 
migration regulations, this advertisement is 
directed in the first instance to Canadians, but 
other qualified candidates are also encouraged 
to apply. 


Chair, Electrical Engineering: Must possess 
Ph.D. in Electrical eae with teaching ex- 
perience at associate or full professor level. 
Responsiveness to student needs and een 
communications skills are essential. Other 
desirable qualifications include administrative, 
research, industrial experience, and profession- 
al registration. Requires strong commitment to 
teaching excellence, recruitment of students, 
and improvement of the program. Review of ap- 
plications will begin in August 1991 and con- 
tinue until position is filled. Effective January 
1, 1992—August 15, 1992. Send letter of appli- 
cation, resume, and transcripts from colleges 
attended to: Personnel Director, West Virginia 
Institute of Technology, Montgomery, WV 
25136. AA/.EOE 


Post-Doctoral Position, Magnetic Resonance 
Imaging. The Department of Radiology at the 
University of Minnesota is séeking an individu- 
al to carry out projects in reconstruction and 
processing of NMR spectroscopic imaging 
data as well as magnetic resonance imaging 
data. Applicants should have a Ph.D. in physics, 
medical physics, electrical engineering or oth- 
er related field. Experience with C and Unix is 
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preferred. Previous exposure to magnetic res- 
onance imaging is desirable. Equipment in- 
cludes a 1.5 Tesla Siemens scanner, a 4.0 Tesla 
research human scanner, a 4.7 Tesla animal 
unit, a Kontron image computer, and several 
Sun Sparcstations. In addition, access to super- 
computers is also available. The position is for 
two years, starting sometime after July 1, 1991. 
Salary is commensurate with experience. In- 
terested individual should contact Dr. Xiaoping 
Hu, Department of Radiology, Box 292 UMHC, 
Harvard at East River Street, Minneapolis, MN 
55455. The University of Minnesota is an equal 
opportunity educator and employer. 


University of California at Berkeley Department 
of Nuclear Engineering, invites applicants for 
a tenure-track assistant professor position in 
any one of four fields: Nuclear Materials, Nucle- 
ar Thermal Hydraulics, Reactor Theory and 
Computation, or Fusion. Desirable areas of ex- 
pertise in these fields include respectively, ir- 
radiation effects in metals; thermal science ap- 
plications to reactor safety; particle transport, 
reactor control dynamics, and neutronics; and 
fusion reactor engineering and applied plasma 
physics. The successful candidate will be 
responsible for teaching undergraduate and 
graduate courses in the department, and must 
show potential for high quality research. A doc- 
toral degree in an appropriate field is required. 
The position is available July 1, 1992. Interest- 
ed persons should apply by November 1, 1991 
to: Dr. T. Kenneth Fowler, Chair; University of 
California, Berkeley; Department of Nuclear En- 
gicessings 4153 Etcheverry Hall; Berkeley, 

alifornia 94720. The University of California is 
e Equal Opportunity, Affirmative Action Em- 
ployer. 


Auburn University, Earle C. Williams Eminent 
Scholar Chair in Electrical Engineering. Nomi- 
nations and applications are invited for the 
Earle C. Williams Eminent Scholar Chair in Elec- 
trical Engineering. Candidates for this chair 
should have achieved national and internation- 
al prominence in digital systems and/or microe- 
lectronics. Applicants or nominees must have 
an earned doctorate, senior academic ex- 
perience, and a documented record of distinc- 
tion in university teaching and research. The 
successful candidate will be expected to pro- 
vide intellectual leadership in his/her area of ex- 
pertise for the Department of Electrical En- 
gineering as well as enrich the scholarly en- 
vironment at Auburn University. Auburn Univer- 
sity is located in the city of Auburn in 
east-central Alabama. This land-grant universi- 
ty enrolls more than 21,000 students, the largest 
on-campus enrollment in the state. The Depart- 
ment of Electrical Engineering, one of eight 
departments within the College of Engineering, 
offers Bachelor, Master, Master of Science and 
Ph.D. degrees in Electrical Engineering. The 
department has a current enrollment of 939 un- 
dergraduate students and 100 graduate stu- 
dents. The 28 full-time faculty have an annual 
research expenditure of approximately $2 mil- 
lion. The Search Committee will begin its review 
of applications immediately. Interested candi- 
dates should submit: (1) a detailed resume, (2) 
a letter indicating an interest in the chair, the 
candidates’s academic philosophy, and a brief 
statement of accomplishments in teaching and 
research, and (3) names and addresses of five 
references. Nominations should be submitted 
with the complete name, mailing address and 
telephone number of the individual nominated. 
Applications and nominations should be sent 
to Professor J. David Irwin, Department of Elec- 
trical Engineering, Auburn University, AL 
36849-5201. Auburn University is an affirmative 
action/equal opportunity employer. Applica- 
tions from minority and female candidates are 
encouraged. 


Trinity College, one of the few highly selective 
liberal arts colleges awarding degrees in en- 
gineering, seeks applicants for a tenure-track 
assistant professorship in Mechanical En- 
gineering. Employment will start in the fall of 
1992. Candidates must hold a Ph.D. in Mechan- 
ical Engineering with primary expertise in ther- 
modynamics and heat transfer. A successful 
candidate will be committed to teaching en- 
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CLASSIFIED EMPLOYMENT OPPORTUNITIES 


gineering within a liberal arts setting and to 
offering courses for non-science majors on a 
regular basis. Trinity offers a standard curricu- 
lum in Mechanical Engineering and provides 
laboratories for research and instruction. The 
department is located in a new Mathematics, 
Computing, and Engineering Center that 
houses laboratories for instruction and re- 
search in solid state electronics, integrated cir- 
cuit design, solid mechanics, materials 
science, fluid mechanics, and electrophysiolo- 
gy. Computing resources include Macintosh 
and PC-compatible microcomputers; SUN, 
Apollo, and DEC workstations; and VAX 
mini/mainframes. These computers are net- 
worked through an Ethernet LAN and connect- 
ed worldwide to the Internet. Candidates must 
send acurriculum vita, a statement of teaching 
and research objectives, copies of published ar- 
ticles, and the names of three people willing to 
write letters of recommendation to Dr. David J. 
Ahlgren, Chair, Department of Engineering and 
Computer Science, Trinity College, Hartford, CT 
06106. We especially seek applications from 
women and members of minority groups. Appli- 
cations will be accepted until January 10, 1992. 
Trinity College is an AA/EO employer. 


Faculty Position—Bradley University: The 
Search Committee of the Department of Elec- 
trical and Computer Engineering and Technol- 
ogy invites applications for a tenure-track 
faculty position in the area of electronics and/or 
digital systems. Candidates should have a Ph.D. 
in Electrical or Computer Engineering and a 
strong interest in undergraduate engineerin 
education. Industrial experience is preferred. 
The successful candidate will be expected to 
teach in the electrical engineering undergradu- 
ate and graduate programs as well as the un- 
dergraduate electrical engineering technology 
program, serve as project advisor to EE seniors 
and graduate students, and to do appropriate 
research as documented by publications. A 
January, 1992 starting date is preferred, though 
qualified candidates requesting an August, 
1992 starting date will also be considered. Ap- 
pointment will be at the assistant or associate 
professor level. Candidates should send a com- 
plete resume, including a statement of teach- 
ing and research interests, and the names of 
three references to Dr. Brian D. Huggins, Depart- 
ment of Electrical and Computer Engineering 
and Technology, Bradley University, Peoria, IL 
61625. To assure full consideration, application 
materials should be received by October 15, 
1991. Bradley University is an Equal Opportuni- 
ty, Affirmative Action employer. 


Wayne State University anticipates openings 
for visiting, or tenure-track faculty in the Elec- 
trical and Computer Engineering Department. 
We are seeking research oriented individuals in- 
terested in computer engineering, with empha- 
sis on networks, parallel and distributed pro- 
cessing, modeling and performance analysis or 
in VLSI design. Applicants should have an 
earned Ph.D. and be committed to teaching and 
research. Rank and salary will depend on ex- 
perience and qualifications. Wayne State is a 
large urban university, and welcomes applica- 
tions from women and minorities. Resumes 
should be sent to Dr. M.P. Polis, Chair, ECE 
Dept., Wayne State University, Detroit, MI 48202. 
Wayne State University is an Equal Opportuni- 
ty/Affirmative Action employer. 


Research Scientist needed in Seattle, WA. to de- 
velop methodologies and applications to meas- 
ure and analyze the acoustic and psychoacous- 
tic properties of the human hearing system in- 
cluding: generation, high speed real-time 
presentation, acquisition, and analysis of 
acoustic signals with digital signal processing 
techniques to measure the acoustic properties 
of human external, middle, and inner ear; anal- 
ysis of subject responses to acoustic signals 
using adaptive psychoacoustic procedures; de- 
sign and implementation of massively parallel 
systolic cellular logic processor for digital sig- 
nal processing in hearing research; design, 
simulation, and layout of very-large-scale in- 
tegrated circuit chip with multiple processors 
for systolic cellular logic; development of par- 
allel algorithms for systolic cellular architec- 








tures for digital signal processing in hearing re- 
search. Requires M.S. degree in Computer 
Science and 2 years of experience which in- 
cludes 1 year experience in developing applica- 
tions to measure the acoustic properties of the 
human hearing system, 6 months experience in 
the design and implementation of massively 
parallel processor, and 6 months experience in 
the design of very-large-scale integrated circuit 
chip. 40 hours work week. $3,491 per month. 
Must have proof of legal authority to work in the 
United States. Send resumes by Sept. 1, 1991 to 
Employment Security Department, Employ- 
ment Service Division, Attention: JOB# 
253694-L, Olympia, WA. 


The University of New Mexico is barat can- 
didates for the position of Research Professor 
and Director, Alliance for Photonic Technology. 
This is an administrative position reporting 
directly to the Vice President for Research. The 
Alliance for Photonic Technology (APT) has 
been formed by the University of New Mexico's 
Center for High Technology Materials (CHTM), 
Sandia National Laboratories, Los Alamos Na- 
tional Laboratory and the Air Force’s Phillips 
Laboratory (the R&D participants) for the pur- 
pose of enhancing U.S. Industrial competitive- 
ness by assisting these laboratories in technol- 
ogy transfer in selected areas of photonics and 
opto-electronic technology. The University of 
New Mexico has been designated as the lead 
R&D participant and serves as APT’s host. The 
Director is responsible for all aspects of APT’s 
day-to-day operations, including: Photonic tech- 
nology assessment, with an emphasis on 
matching the needs of industry to the capabili- 
ties of the R&D participants; interaction with 
customer companies and potential customer 
companies, including the technical coordina- 
tion of joint development programs with the 
R&D participants and oversight of APT’s ad- 
ministrative office. This position is highly visi- 
ble and to enhance the credibility of the effort 
the Director should have achieved national 
recognition in photonics technology with an ad- 
vanced degree in a relevant technical special- 
ty. The ideal candidate will have experience in 
the industrial, government and academic sec- 
tors, with the demonstrated interpersonal skills 
essential to building a network of contacts 
across this entire spectrum. U.S. citizenship is 
required. Applicants should submit a detailed 
resume by September 1, 1991, with a statement 
of qualifications and the names of three refer- 
ences to: Prof. J.H. Mullins, Chairman, APT 
Search Committee, University of New Mexico, 
Farris Engineering Center, Room 157, Albuquer- 
que, NM 87131. 


Research Associate—Electrical Engineering- 
Systems. Research in the area of linearly- 
constrained adaptive filtering and beamform- 
ing. Develop new algorithms in linearly- 
constrained adaptive arrays. Collect and ana- 
lyze data, prepare reports for publication. Req: 
Ph.D. in Electrical Engineering; graduate level 
coursework in antenna array processing and 
adaptive methods; research background in 
mapping signal processing algorithms onto 
VLSI implementations; strong background in 
mathematics and optimization algorithms; 
knowledge and skill in the use of MatLab and 
UNIX systems. Sal: $576.92/wk; 40 hrs/wk. 
Job/Interview site: Los Angeles, CA. Send this 
ad and aresume to Job #ET3172, PO. Box 9560, 
Sacramento, CA 95823-0560 no later than Sep- 
tember 1, 1991. 


Naval Postgraduate School, Monterey, Califor- 
nia, ECE Department invites applications for 
tenure-track positions in the areas of Power En- 
gineering and Radar/EW Systems. Candidates 
should hold a Ph.D. in Electrical Engineering or 
a closely related field and be capable of quali- 
ty instruction and successful research, primar- 
ily with MSEE candidates. The department con- 
ducts a fully ABET-accredited graduate en- 
gineering program awarding MSEE, EE and 
Ph.D. degrees to military officers of the US and 
allied nations and DoD employees. Opportuni- 
ties for sponsored research are available and 
extensive computational and laboratory facili- 
ties exist. Applicants should send a complete 
resume, a publication list, a statement of teach- 
ing and research interests, visa status, and the 
names and addresses of three references to Dr. 
Michael A. Morgan, Chairman, Electrical and 
Computer Engineering Department, Code EC, 


IEEE SPECTRUM AUGUST 1991 


Naval Postgraduate School, Monterey, CA 
93943. Equal Opportunity, Affirmative Action 
Employer. 


Government/industry 
Positions Open 


System Engineer for Computer Consulting Firm 
to work in Columbus, Ohio area. Design develop 
& test a real-time X.25 packet switching network 
system which provides network services for the 
telephone interexchange network. Responsibil- 
ities include interaction with system planners 
in genaea system requirements and detail 
software design, developing test plans and ex- 
ecuting these to ensure product meets criteria 
in service compatibility, system operability & 
real-time performance. Job also requires inves- 
tigation and evaluating efforts of using C+ + 
program language and Object-Oriented ap- 
proach in developing new software modules. 
eee of the software development through 
verification and field implementation is also re- 
quired. Requires Master's Degree in Electrical 
Engineering and 4 years direct experience in the 
job described. Or, 4 years related experience in 
highly reliable (fault tolerant) communication 
network system which include protocols & 
switching network applications; Plus training 
courses in Queueing Theory and Packet Switch- 
ing Network. Experience may be gained before, 
during or after degree. Salary, $46,200/yr., 40 
hrs/wk, no OT., 8:30am-5pm, Mon-Fri. Must have 
proof of legal authority to work permanently in 
the U.S. Send resume in duplicate (no calls) to 
J. Davies, JO# 1260281, Ohio Bureau of Employ- 
ment Services, PO Box 1618, Columbus, OH 
43216. 


Research Scientist, Chief. Conduct application- 
specific R&D and design of intelligent camcord- 
er systems using fuzzy logic and neural network 
theories. Use methodologies of artificial intel- 
ligence/automatic control, psychology and de- 
cision analysis to design intelligent systems 
which can function autonomously and stimu- 
late performance of human vision systems, es- 
pecially in connection with learning control, 
neural networks and fuzzy logic-based control. 
Establish methodologies for developing fuzzy 
logic systems, assessing performance and ex- 
ploring potential applications. Perform qualita- 
tive systems analysis based on fuzzy logic. Min. 
Ph.D. in EE or computer science and 2 yrs. exp. 
in fuzzy logic and neural networks, R&D plus 
academic work in areas of artificial intelligence, 
fuzzy logic and neural networks. Salary 
$64,000/yr. Job site and interview San Jose, CA. 
Send this ad and your resume to Job No. 
BLW-9210, P.O. Box 9560, Sacramento, CA 
95823-0560, no later than August 31, 1991. 


Senior Research Scientist: Conduct ind. res. & 
dev. in flight control sys. design, est. & guidance 
algorithm dev., comp. aided control sys. design, 
flight sim., adv. sys. & control res., model dev. 
& valid., & sys. integ. & prototype impl. Req. 
Ph.D. in Elec. Engr. & 1 yr. in job or 1 yr. as Con- 
sultant in Aircraft Engr. $4800/mo. Job- 
site/intvw: Chatsworth, CA. Send ad & resume 
to Job #MD21230, PO. Box 9560, Sacramento, 
CA 95823-0560 no later than 9/1/91. 


Engineer, Senior Research and Development. 
Ph.D. in Electrical Engineering, and 1 year ex- 
perience in job offered or 1 year experience ana- 
log and digital circuit design and analysis, in- 
cluding microcontroller and I/O interface cir- 
cuits, low-frequency and radio frequency cir- 
cuits design, computer simulation, digital 
circuit system reliability analysis and ex- 
perience or coursework in advanced computer 
architecture, digital computational techniques 
for electronic circuits, computational models 
and methods, lumped system theory, optimiza- 
tion methods, random variables, and artificial 
intelligence. To design, research and develop 
computerized physiological monitoring devices 
and biomedical sensors. $52,500/yr. Job/inter- 
view site: Redwood City, CA. Clip and send with 
resume no later than September 1st, 1991 to Job 
#PC20200, PO. Box 9560, Sacramento, CA 
95823-9560. Upon hire, must show immediate 
ability to work in the U.S. 


Electrical Research Engineer/Development 


Staff Member -Position will focus on micro- 
machining using high power Nd:Yag, CO2, & 


CLASSIFIED ADVERTISING 





short-pulsed ultraviolet laser rays, & its appli- 
cations for precision fabrication of magnetic 
data storage devices. Will provide technical ad- 
vancement & leadership in: (1) Devel. of models 
based on applications of laser, ultrasonic, 
chemical & abrasive processing of ceramic, 
polymeric & composite materials; (2) Devel. of 
micro-machining techniques to refine & minia- 
turize all components of magnetic data storage 
devices; & (3) Characterization & non- 
destructive eval. of materials rel. to manufac- 
turing of data storage devices, incl. appl. of 
state-of-the-art techniques of ultrasonic & ther- 
mal materials characterization. Will represent 
co. in international conferences rel. to above. 
Must publish results of orig. research in schol- 
arly journals & internal tech. pubs. Regqs.: Ph.D. 
in Applied Physics & 5 yrs. in job offered or as 
Scientist, Applied Physics. Required ex- 
perience to include: (A) Performing & supervis- 
ing adv. research & devel. projects rel. to: (1) Op- 
tics & lasers, incl. excimer lasers, Nd:Yag lasers 
& CO2 lasers; (2) Materials science of polymers, 
composites, ceramics, alloys & metals; (3) Ther- 
mal properties of materials & thermal physics 
at interfaces; (4) Materials characterization & 
processing using optical, ultrasonic & other 
techniques; (B) Publication record in the above 
areas (min. 2 articles); & (C) Data acquisition & 
signal averaging, incl. interfacing PC to elec- 
tronic equipment & motor controls. 40 hrs./wk.; 
$74,200/yr; Job & interview site: San Jose, CA. 
Send this ad and resume to Job #EG14161, PO. 
Box 9560, Sacramento, CA 95823-0560 not later 
than August 30, 1991. EOE. 


Software Design Engineer— Major Central New 
Jersey corporation seeks Software Design En- 
gineer. Responsible for maintaining and further 
developing customized software for a UNIX- 
based customer presentation system. Hard- 
ware includes AT&T 3B2 that controls optical 
disk players/recorders, video switches, tape 
devices, computer graphic workstations, and 
various interface devices. M.S. in computer 
science or electrical engineering or equivalent 
experience. Minimum five years software de- 
velopment experience in UNIX/C and MS-DOS 
environments at the device driver level. Must be 
a self-starter with a special interest and com- 
petence in interactive video and graphics 
presentation systems. Salary range $50K to 
$75K. Send resume to PO. Box 1114, Bedminster, 
N.J. 07921. 


Software Engineer for firm in NE Ohio. Design, 
implement, & develop software for a Comput- 
ed Tomography system (x-ray body scanner). 
Specifically, the engineer will work on the Gan- 
try Processor Unit, Scanner Interface Controller 
Unit, Central Processing Unit, & Networking 
Unit. This involves real-time motion control of 
the patient couch & x-ray frame, expert system 
development, data communication between the 
units, & networking. All work utilizes “C” & 
Motorola 68000 Assembly language under 
UNIX-like operating system, in a multiprocessor 
environment. Must have M.S. in Electrical En- 
gineering & academic program must have in- 
cluded one course each in: Data Communica- 
tion & Networks, Parallel Processing, Advanced 
(32 bit) Microcomputer Systems, Expert Sys- 
tems, & Microprocessor Interfacing. Must have 
6 mos experience as systems engineer (ex- 
perience may be gained before, during, or after 
degree) & must be conversant with 32 bit 
microcomputer systems hardware; multipro- 
cessing; & C & Assembly computer languages, 
as evidenced by academic letter(s) of reference, 
publications(s), &/or employer testimonials(s). 
40 hrs/wk, 8am-5pm. $33,000/yr. Must have proof 
of legal authority to work permanently in U.S. 
Send resume and course transcript in duplicate 
(no calls) to J. Davies, JO# 1255724, Ohio Bureau 
of Employment Services, P.O. Box 1618, Colum- 
bus, Ohio 43216. 


Manager of Engineering for gov’t contractor 
company in central OH. Manages 8 staff en- 
gineers. Determines engineering priorities, 
schedules, planning. Develops and maintains 
administrative system in accordance with 
DCAAM 7640.01 Contract Audit Procedure. Pre- 
pares job costing information. Determines & ac- 
quires equipment, information, training & sup- 
plies for engineering staff. Maintains adequate 
level of technical abilities of engineers. Per- 
forms project engineering tasks: Designs high 
reliability electronic control systems & in- 








strumentation. Prepares proposals for cus- 
tomers, performs research & development of 
prototypes for military testing, prepares 
production and testing procedures. No exp. re- 
quired in above duties but applicants will quali- 
fy with MS in Electronic or Bio-Medical Eng. & 
5 yrs. Electronics Eng. exp. in/with project 
mgmt, development of high reliability electronic 
equipment & programming in Assembly, Turbo 
Pascal languages & Data Base design. The 5 
yrs. exp. must include 1 yr. acctg. exp. & 2 yrs. 
in foreign trade. 40 hrs/wk, 8am-5pm, Mon-Fri., 
$48,000/yr. Must have proof of legal authority to 
work permanently in U.S. Send resume in dupli- 
cate (no calls) to Jan Davies, JO# 1275866, Ohio 
Bureau of Employment Services, PO Box 1618, 
Columbus, OH 43216. 


Computer Performance Architect/Analyst. De- 
velop hardware & software tools to analyze & 
estimate microprocessor based system perfor- 
mance; characterize workloads for micropro- 
cessor based platform; define & determine 
DOS/Windows/UNIX characteristics; conduct 
performance & design tradeoffs for desktop & 
server platforms; develop hardware/software 
tracing environment for graphics based appli- 
cations; test & evaluate compiler performance. 
Ph.D. in Electrical and/or Computer Engineering 
or Computer Science. Academic project/re- 
search background in VLSI processor design 
and layout in CMOS, high-speed VLSI CPU es 
sign, programmable logic array design, compil- 
er development, instruction scheduling, 3-D 
graphics application to VLSI design and semi- 
conductor inspection, UNIX kernal porting and 
integration, C, Fortran, X86 Assembler and DOS; 
academic coursework in computer architecture, 
digital computer design and engineering anal- 
ysis. $4,500/mo.; 40 hrs./wk. Place of employ- 
ment and interview: Santa Clara, CA. If offered 
employment, must show legal right to work. 
Send this ad and your resume to: Job No. 
SK2252, P.O. Box 9560, Sacramento, CA 
95823-0560 not later than August 31, 1991. The 
company is an equal opportunity employer and 
fully supports affirmative action practices. 


Engineering—Senior Process Engineer. Design 
& simulate sub-quarter micron CMOS devices 
& process; conduct test pattern mask set de- 
sign, layout & procurement; develop process 
steps; fabricate, characterize, model & analyze 
devices; characterize, model & design ad- 
vanced III-V compound devices; perform analyt- 
ical characterization, novel process design & 
modeling of nonequilibrium behavior in scaled 
devices. Ph.D. in Electrical Engineering or Elec- 
trical Engineering and Computer Science. Aca- 
demic project/research background in solid 
state device physics & technology, including 
MESFET silicon devices and GaAs device pro- 
cessing using IC fabrication equipment includ- 
ing diffusion furnace, patterning and thin film 
deposition; also silicon, GaAs device and ma- 
terial characterization using electrical & analyt- 
ical characterization techniques including HP 
equipment, TEM and SEM, semiconductor pro- 
cess & device simulators including SUPREM 
and PISCES and computer programming in Ba- 
sic, Fortran and C. $4,685/mo.; 40 hrs./wk. Place 
of employment and interview: Santa Clara, CA. 
If offered employment, must show legal right to 
work. Send this ad and your resume to: Job No. 
PM10318, P.O. Box 9560, Sacramento, CA 
95823-0560 not later than August 31, 1991. The 
company is an equal opportunity employer and 
fully supports affirmative action practices. 


Electrical Engineer needed by medium sized 
consulting engineering firm in Columbus, Ohio 
specializing in building design. Will design 
power distribution, lighting and special electri- 
cal systems for building, including academic 
buildings for lower, secondary and higher edu- 
cation, auditoriums, vehicle maintenance build- 
ings, offices and computer centers, laborato- 
ries and hospitals. Will also coordinate work 
with construction contractors. Must have four- 
year bachelor’s degree in electrical engineering 
and minimum 3 years experience in the duties 
described above. Forty hour work week, 7:30 
a.m. to 5:30 p.m. Monday through Thursday, 7:30 
to 11:30 a.m. on Fridays. Salary: $31,600 p.a. Ap- 
plicants must have proof of legal authority to 
work permanently in the U.S. Send resumes in 
duplicate (no calls) to J. Davies,JO# 1260297, 


(Continued on p. 63) 
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PROFESSIONAL CONSULTING SERVICES 


THE CONSULTING GROUP 


e RF, Microwave & Fiber Optic Systems 

¢ RF, Microwave Filters, Amplifier, 
Oscillator & Synthesizer/PLL Design. 

e Antennas 

e Analog Electronics 

© Data Communications & Protocols 


71-25 Austin St., Forest Hills, NY 11375 (718) 793-0777 











RF/Analog Circuit Design 


¢ Communications Equipment Design 

© Synthesizers/Phase Locked Loops 

* Active/Passive/RF Filters 

¢ Analog Signal Processing 

* Audio Processing Circuits 
RLM Research Steven L. Maddy 
PO. Box 3630 President 
Boulder, CO 80307 _—_Tel: 303/499-7566 FAX: 303/499-0877 


RAINES ELECTROMAGNETICS 
Consulting Since 1972 


e Antennas and Arrays 
¢ Scattering and Radar Cross Sections 
e Radhaz & Environmental Impact 
¢ Simulations of Fields & Phenomena 


Jeremy K. Raines, Ph.D., PE. 
President (301) 279-2972 


CONTROL SYSTEM CONSULTING 


© Servo design, high performance motion 
control, synthesis, system performance, 
simulation, specs, integration, testing 

¢ Electrical, mechanical, hydraulic 

° Defense, aerospace, industrial experience 


30 East Gate Road A.R. Hazelton 
Danbury, Conn. 06811 (203) 743-7002 


RESEARCH AND DEVELOPMENT ELECTRONICS 


© Specializing in medical product development 
© Ultrasonic Doppler and imaging 
© Low noise wideband amplifiers 
* Analog and digital signal processing 
© Laboratory and prototyping facilities 
For further information contact: 
Steve M. Gehlbach, Ph.D., President 
Kesa Corporation 4701 Patrick Henry Drive #1801 
(408) 748-1814 Santa Clara, CA 95054 


IRA J. PITEL, Ph.D. 


Consulting, Research and Development 
in Power Electronics and Magnetics 
Power Supplies, Inverters, Converters, Motor 

Drives, Lighting Controls, Industrial Controls, 

Transformers, and Special Magnetics. 
MAGNA-POWER ELECTRONICS, INC. 


135 Route 10 Whippany, NJ 07981 
(201) 428-1197 


NOISE, TRANSIENTS AND INTERFERENCE 


¢ FCC, VDE, EMC/EMI 

* Susceptibility, ESD, RF, Transients, Lightning 
© Testing & Retrofit for Product Enhancement 
¢ UL, VDE, CSA, Other Safety-Related Specs 

* Noise-Immune Designs and Prototypes 

¢ FCC Compliance Training & Retrofits 


T KC e ee R. Kenneth Keenan 


Ph.D., VP Engr. 
CORPORATION 8609 66th St. North 
(813) 544-2594 


Pinellas Park, FL 34666 
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Infolytica Corp. (514) 849-8752 


Expert electromagnetics design & analysis using 
MagNet 2D and 3D FEA software. 

© motors © magnetizing fixtures 

© transformers © recording heads 

© actuators © NMR applications 

° levitators © magnetic bearings 

© CRT design © lc... 


1140 deMaisonneuve, Suite 1160 Montreal, Canada, H3A 1M8 


LEONARD R. KAHN, P.E. 


Consultant in Communications and Electronics 
Single Sideband and Frequency Shift Systems 
Diversify Reception - Stereophonic Systems 
Modulation Systems 
Registered Patent Agent 


222 Westbury Ave. 
Carle Place, NY 11514 
516-222-2221 


Robert J. Abend, P.E. 


Electronics Consultant 
Hardware & Software Design—Neural Nets 
Optical Pattern Recognition—ATE Design 


1265 Palmdale Circle 
Palm Bay, FL 32905 


Telephone & FAX 
(407) 952-2216 


International Compliance Corporation 


Design, Test, & Consulting 

© FCC Certification/Verification 

e VDE, CISPR, VCCI (Japan) 

e ‘'992’’ European Compliance Testing 

© Product Safety: UL, CSA, IEC, VDE 

¢ Electrostatic Discharge (ESD) 

© MIL-STD 461/462, NARTE-Certified Engineer 


812 Office Park Circle (214) 221-7071 
Lewisville, Texas 75057 TELEX: 403482 (ICC DAL) 








INTEGRATED OPTICAL CIRCUIT CONSULTANTS 
Consulting, Contract R&D, and Prototyping 
Integrated, Fiber, and Guided-Wave Optics 

¢ Applications Engineering 
¢ Design, Fabrication and Evaluation 
* Critical Analysis of Technology 
* Troubleshooting 
¢ Marketing 


R.A. Becker, D. Sc. 
President 10482 Chisholm Ave. 
Cupertino, CA 95014 


(408) 446-9812 
GOSIP 


OSI MAP 

© Education & Newsletters 

e Market & Product Planning 

e CIM Plans, Design & Integration 
SHIP STAR Associates 
Bob Crowder, President 
36 Woodhill Dr., #19 Newark, DE 19711 
Tel:302-738-7782, FAX:302-738-0855 


802 FIELDBUS MMS 


1 DEAN STREET/BOX 151 
es HUDSON, MASSACHUSETTS 
TM Voice: (508) 562 5820 
FAX: (508) 568 1219 
RF/ANALOG/VIDEO/FIBEROPTICS/ASIC'S 


THE CORRECT, AFFORDABLE, AND TIMELY SOLUTION TO: 


© FREQ. SYNTHESIS (CONSUMER, BROADCAST, INDUSTRIAL, MIL) 
¢ FIBEROPTICS (LAN’'S, VIDEO, AUDIO, DATA, CATV) 

© CATV EQUIPMENT DESIGN 

© RF T0 2 GHZ: FILTERS, EQUALIZERS, SYSTEMS, CIRCUITS, PLL’s 
© PROTOTYPING, LAB, R & D, AND CAE FACILITIES 

¢ THIN/THICK FILM HYBRIDS OR ASIC'S (ANALOG OR MIXED) 


MICRO RESEARCH o., a Please Contact: 


We are the top professional of peek a 7 

© Microcomputer Based Product West, Hong Kong : 
development eh 

e Hardware/Software development : 

© Semi-custom IC development ieee) cc 
-MCU, ASIC, ROM, Voice /Sound/ (852) 559-3031 
Melody IC Telex: 

e End Product development 74773 MICOR HX 


Patent Attorney 
Robert E. Malm, Ph.D. (M.IT.) 
Attorney At Law 
Post Office Box 522 
Pacific Palisades, CA 90272 
Tel: (213) 459-3992 
Fax: (213) 573-1781 





SOFTWARE ENGINEERING 


¢ Real-Time Systems Analysis and Design 

¢ Methodology Training (Ward & Mellor, 
DeMarco, Yourdon, Object Oriented) 

¢ CASE Training and Implementation 

© Mentor Services 

¢ Product Development 


Carl A. Aolla, Ph.D., Inc. 
SOFTWARE ENGINEERING CONSULTANT 
800-347-6903 


ELECTROMAGNETIC DESIGN ANALYSIS 


Consultancy by world leaders in 3D electromagnetic 
computation using PE2D, OPERA, TOSCA and ELEKTRA 
¢ electrical machines 


© recording heads 
© actuators 


* MRI scanners 

© magnetic casting 

* scientific apparatus 
© transformers ¢ NDT equipment 

© loudspeakers © accelerator magnets 


VECTOR FIELDS INC. tet: (708) 851-1734 


1700 N Farnsworth Ave, Aurora IL 60505 _fax:(708) 851-2106 





CONSULTING & PROTOTYPES 
ELECTRIC MOTORS 


BRUSHLESS MOTORS SWITCHED RELUCTANCE 
STEPPING MOTORS AC INDUCTION 


MAGNA PHYSICS CORP. JAMES R. HENDERSHOT 
144 E. Main St., Suite 203 TEL: 513-393-9835 
P.O. Box 78 513-393-3810 
HILLSBORO, OH 45133 FAX: 513-393-9836 


INTEGRATED CIRCUIT DESIGN CONSULTING 
Providing integrated circuit design and analysis 
consulting services with gate arrays, cell libraries, or 
full custom in digital, analog, cmos, bipolar or ecl 
technologies and support services such as modeling, 
layout, verification, software, testing, debugging, 
documentation, and reverse engineering. 


1556 Halford Ave, Ste 310 Santa Clara, CA 95051 
(408) 243-7422 


ALEXANDER (ALEX) | ORLOFF, E.E. 
REGISTERED ELECTRICAL ENGINEER-CONSULTANT 


ORLOFF COMPUTER SERVICES 
“SOFTWARE FOR ENGINEERS” 


1820 E. GARRY AVE. 
SUITE 117 
SANTA ANA, CA 92705 


TEL (714) 261-5491 
FAX (714) 261-6541 
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CSE 


Communications Systems Engineering, Inc. 
¢ Specializing in Spread Spectrum systems. 


© Coherent receivers, DSP implementations. 
e Phaselock synthesizers, exciters thru UHF. 
e Laboratory and prototyping faciities, CAD. 


1004 Amherst Avenue Phone or FAX: 
L.A., CA 90049 (213) 820-6761 


Image Processing 
Problems Solved 


536 Broad 
As pex NY, NY 10012 


Phone 212-966-0410 
FAX = 212-966-2289 












ISDN PRESENTATIONS 


Ye to 3 Days at Your Premises By 


DON SIMPSON \sdn 


7817 Saint Raymond Court 
Dublin, CA 94568 
415) 833-0151 






Eric E. Sumner, President 

Merrill W. Buckley Jr., President-Elect 
Theodore W. Hissey Jr., Treasurer 
Hugh Rudnick, Secretary 


Carleton A. Bayless, Past President 
Eric Herz, Executive Director 


Richard S. Nichols, Educational Activities 
Michael J. Whitelaw, Professional Activities 
J. Thomas Cain, Publication Activities 
Robert T.H. Alden, Regional Activities 
Fernando Aldana, Technical Activities 


Division Directors 


Frederick H. Dill (/) 
Lloyd A. Morley (I) 
Richard R. Jaeger Jr. (III) 
Martin V. Schneider (/V) 
Edward A. Parrish Jr. (V) 


| 


Region Directors 
John Kaczorowski (1) 
Daniel W. Jackson (3) 


Howard L. Wolfman (4) 
John E. Martin (5) 


Kurt R. Richter (8) 
Luis T. Gandia (9) 


Donald G. Fink, Director Emeritus 


EDITORIAL CORRESPONDENCE. IEEE Spectrum, 345 
East 47th Str., New York, N.Y. 10017, Attn: Editorial Dept. 
Responsibility for the substance of articles published rests upon 
the authors, not the IEEE or its members. Letters to the editor 
may be excerpted for publication. 

REPRINT PERMISSION. Libraries: Articles may be photo- 
copied for private use of patrons. A per-copy fee (indicated 
after the code appearing at the bottom of the first page of 
each article) must be paid to the Copyright Clearance Center, 
29 Congress St., Salem, Mass. 01970. Instructors: Isolated ar- 
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Dues to increase by $10 


In part to offset years of inflation that have 
eroded the purchasing power of IEEE dues, 
the Board of Directors at its meeting in San 
Francisco in June approved an increase of US 
$10 in basic membership dues for all grades 
above Student, effective with the 1992 bill- 
ing cycle. U.S. non-student members will 
pay an additional $2 assessment for United 
States Activities. Of the $10 increase, $4 will 
be used to offset an operating loss of 
$550 000 in the 1991 budget and a reduction 
of $800 000 in interest and dividend income. 
Curtailed operating expenses throughout the 
1992 budget coupled with increased income 
from publication activities will result in an 
operating surplus designed to restore the 
financial health of the IEEE over the next 
four to six years. 

To increase staff productivity, effective 
with the first pay period in 1992, the work 
schedule for the staff at the New York City, 
New Jersey, and United States Activities 
Washington, D.C., offices will be increased 
by one-half hour per day. 


IEEE Standards Press debuts 


The IEEE Standards Press has been estab- 
lished to respond to an industry demand for 
more standards information and to foster the 
positive influence that standards have in in- 
dustry. Because essential standards-related 
information that would benefit industry often 
falls outside the scope of an IEEE Standard, 
Recommended Practice, or Guide, it is the 
charter of the new group to fill this informa- 
tion void and support the dissemination of 
standards information worldwide. For addi- 
tional information, contact Deborah Czyz, 
managing editor, IEEE Standards Press, 445 
Hoes Lane, Piscataway, N.J. 08855-1331; 
908-562-3829. 


USAB opposes U.S. space station 


Leaders of the United States Activities com- 
ponent of the IEEE have called on the U.S. 
Senate to oppose a US $30 billion-$40 bil- 
lion space station and instead support de- 
velopment of a scaled-back version costing 
less than $10 billion. According to Arvid G. 
Larson (F), chairman of IEEE-USA’s Tech- 
nology Policy Panel, full funding of the Space 
Station Freedom would require substantial 
cuts in National Aeronautics and Space Ad- 
ministration programs that have greater sig- 
nificance on U.S. competitiveness and qual- 
ity of life issues. 


Philadelphia to host candidates 


The IEEE Philadelphia Section will hold its 
Second Annual IEEE Candidates Night on 
Aug. 20. Invitations have been issued to 








President-Elect candidates Wallace S. Read, 
Robert T.H. Alden, H. Troy Nagle, and Mar- 
tha Sloan to discuss the issues. For further 
information, contact W.W. Middleton, 
215-687-1482. 


TAB Office opens in Brussels 

A new Technical Activities Board office in 
Brussels, Belgium, provides publications 
and membership services to Europe, Afri- 
ca, and the Middle East. By ordering books 
and conference records through the Brus- 
sels office, members in those localities can 
be confident of receiving them in about two 
weeks. 


New CD-ROM products 

The IEEE, the Institution of Electrical En- 
gineers (IEE), and University Microfilms In- 
ternational have jointly announced agree- 
ment to produce IEEE/IEE Publications 
Ondisc (IPO). IPO provides photocopy- 
quality images of all periodicals and confer- 
ences published by the IEEE and the IEE 
since 1988. Access to articles is provided by 
the IEE’s Inspec database of abstracts and 
indexing. For further information, call Jim 
Ashling at 908-562-5550. 


Malcolm Baldrige Award video 


The IEEE will present a live satellite 
videoconference, ‘‘Quality Management 
Approaches to the Malcolm Baldrige 
Award,’’ on Sept. 19. Call Judy Brady at 
908-562-3991. 








Gulf War technology. A new age of smart 
weaponry and high-tech warfare has been 
heralded by the war in the Persian Gulf. 
IEEE Spectrum’s report on the affair will 
discuss the impressive successes in CI, de- 
fense suppression, and precision-guided 
weapons. It will also analyze how such gear 
may be improved after its first battlefield test 
since the microelectronics revolution in 
weaponry. 

Just as critical were the behind-the-scenes 
capabilities and technologies affecting logis- 
tics, maintenance, training, and simulation. 
Spectrum’s reporters will provide first-hand 
accounts of how high mission availability was 
maintained, how simulation and realistic 
training prepared U.S. troops for actual bat- 
tle, and how industry support in the field 
sustained the massive effort. Television’s 
ubiquitous and unprecedented role will be 
probed as well. 

Finally, distinguished experts will look be- 
yond the Gulf arena to assess how recent 
events there may reshape the next war and 
are already remolding national and regional 
defense industries. 
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How EATON turned 
the power on when faced with severe 


ees constraints. 


Wea ey 


The power of (pS L Electric and magnetic field problems 
MSC/EMAS ; are no problem for MSC/EMAS. 
speeds the Electrical engineers use MSC/EMAS to 









design of an solve electric and magnetic field problems 
innovative, high involving linear, nonlinear and anisotropic 
voltage DC power materials. The program lets users analyze 
supply switch. the entire range of electromagnetic 


behavior. . . from electrostatics and non- 

linear magnetostatics to eddy currents 

' and wave propagation. What’s more, 
these varied applications can be 
accurately simulated under one powerful, 

easy-to-use program. 

MSC/EMAS is available on a variety of 
computer platforms, from engineering work- 
stations to supercomputers, and is backed 
by the most comprehensive support, train- 
ing and documentation in the industry. 

No wonder MSC/EMAS is the world’s 
premier software package for electromagnetic analysis. 


Eaton Corporation design 
engineers had a tall order: 
develop a minimum 
weight, DC High Voltage 
power supply switch small 
enough for a space station. The technology is 
brand-new and the design time had to be 
significantly reduced from the usual one-to-two 
years down to a few months. 


MSC/EMAS proved to be the high- 
powered solution. 

Eaton built finite element models of electro- 
magnetic power switches. MSC/EMAS then calculated the 





magnetic flux distribution of each model under varying Current information on our 
conditions. By altering the concurrent family of products. 
material characteristics, Apply MSC/EMAS to your company’s 
excitations and sizes, toughest electromagnetic field problems. 
Eaton was able to “design” For videos or brochures on MSC/EMAS or 
the model that met its any member of MSC’s complete family of 
parameters. When building computer-aided engineering software, call 
and testing the actual us at (800) 336-4858 or (213) 258-9111. 
switch, Eaton found the We'll help you turn the power on. 
results matched MSC/ 
vine tg sey = QUMPLY POWERFUL. 
within 5%. Using MSC/ © 
EMAS eliminated the ae oe 


need for repetitive prototyping and testing. As a result, Eaton 


engineers cut normal design time by over 75%. ee icNbalicchwendler 


\ ued Corporation 


MSC and MSC/ are registered service and trademarks of 
The MacNeal-Schwendler Corporation. MSC/EMAS is a 
trademark of MSC. NASTRAN is a registered trademark of 
NASA. MSC/NASTRAN is an enhanced proprietary version 
developed, maintained, supported and marketed by MSC 
Complement to MSC/NASTRAN 
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Designing against the clock? Then try our Block... 


File Mode Run Functions 
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Hypersignal-Windows'” Block Diagram 


Advanced Simulation Software under Windows 3.0 


Data Flow Driven @ Compatible with Hypersignal-Workstation 
and other Hypersignal-Windows software 


Multi-Rate Applications including Dahon: 


decimation, interpolation, etc. 


; 3 @ Blocks can make use of DSP plug-in boards 
Open Software Architecture : y ie 
: for algorithm acceleration 


New Blocks created using standard C Bi oey, s 
8 @ Flexible interface to allow virtually every 


Supports Dynamic Data Exchange algorithm application from classical telecom 
(DDE) interface ~applications to Digital Image Processing 


For more information, including VHS 
Demo Tape Request Form, contact: 
Hyperception, Inc. 
9550 Skillman LB 125 
Dallas, Texas 75243 


phone (214) 343-8525 
fax (214) 343-2457 
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